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PREFACE. 



In ibis little book I have endearoured to expound, upon 
simple and rational principles, the rudiments of the science 
OF Arithmetic. With rtUes I have giren reasons : and al- 
though the work is designed chiefly for schoolboys and young 
persons, yet, contrary to the usual practice, I have chosen to 
regard the learner less as an arithmetical ma<;hine than as an 
intellectual being. I renture to hope, that what I have here 
done may meet with some degree of countenance from School- 
masters and Teachers ; and that it may also prove acceptable 
to the solitary and selfrdependent student. This is not an un- 
reasonable hope: for, although so-called Treatises on Arithmetic 
are rery numerous, the number of books really deserving of 
the appellation is but few. As I have reserved no room here 
for even the most summary analysis of the following pages, I 
must leave them to the candid examination of those who may 
be interested in the progress of this class of educational books. 
I trust no fault will be found with me for the familiar and 
colloquial form of exposition I have adopted : any attempt at 
elevation of style, in works of this kind, is wholly misplaced. 
I have imagined my own pupils before me; and I have 
addressed them as I was formerly in the habit of doing in 
oral instruction. My sole aim has been to be intelligible, 
and to invest the subject with what interest I could con- 
sistently with the preservation of scientific accuracy : but if 
there be one part more than another, to which I would invite 
special attention, it is the subject of Decimals^ towards the 
end of the beok. 

J. R. YOUNG. 

LoNDOK, March, 1852. 

*^* A Key to the work is in preparation : besides solutions 
in full to aU the Exercises, it will contain some additional 
instructions for the otherwise unassisted learner. 
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ARITHMETIC. 



(1.) The marks used in Arithmetic are 



The following Corrections may be made with the pen : 

Page 138, Exercises line 2, for " 8," read <* 6 " p 147 
Hne 3, /or « 5835274," read « 6835^-74 ;" p. 168, last line! 
for "3800," read "£3800;" and p. 117, foot-note, for 
'' ed." read '' 4dr '^ 

The dividend at p. 160 has been made to differ from the 
true dividend by £4 10s. in ea^cess, instead of by 10*. in 
defect, as was intended; but the work may remain, as it 
serves to show how unnecessary it is to pay any attention 
to the odd shillings in the process recommended. 



number ; and tbe second, or ngbt-band iignie, fcuis na now 

many ones, or units there are in the number, besides the 
tens : one, you are to remember, is also called unit, or unity. 
(3.) From what has now been said, you see that the word 
number does not mean the same thing as the word Jlyure: 
there are only ten different figures, or single marks, but by 
joining two or more of these together, we may write down as 
many numbers as we please. The single figures themselves 
are also called numbers, as well as sets of two, three, or more 
figures : thus, 5, 7, 6, &c., are numbers of one figure each ; 
57, 75, 76, &c., are numbers of two figures ; and 576, 756, 
&c., are numbers of three figures. The number 57 is fifty- 
seven, the number 75 is seventy-five, the number 76 is seventy- 

• 
* Arithmetic may be defined as the science which teaches how to per- 
form oompatations by numbers. It would perhaps be of but little use to 
a beginner to give a formal definition of Arithmetic in the text. 

B 



2 ARITHMETIC. 

sio!, and so on. The number 576 is five hundred and seventt/- 
8%x^ the number 756 is seven hundred and fifty six; and in 
any number of three figures, the first figure on the left hand 
tells us how many hundreds there are in the number ; the 
next figure tells us how many tens there are, besides the 
hundreds ; and the last figure tells us how many units there 
are, besides the hundreds and tens: there may be no units 
after the hundreds and tens ; if so, a nought or 0, is put for 
the last figure : thus, five hundred and seventy^ would be 
written in this way, 570 ; and seven hundred and fifty ^ 
would be written 750. Should there \gd no tens after the 
hundreds, then, in the same way, a is put in the plaice of 
tens: thus, 506, means five hundred, no tens, and six units ; 
that is, five hundred and six; also, 605 means six hundred 
and five; and 600 means six hundred, without any tens or 
units besides. You see, therefore, that if you write down a 
single figure, you mean so many units; but if you put a 
nought to the right of it, you mean ten times as many, and 
if two noughts^ one hundred times as many. 

(4.) When a number has four figures, as, for instance, the 
number 3562, the first figure on the left hand tells us how 
many thousands there are in the number; the next figure, 
how many hundreds besides; the third figure, how many 
tens; and the fourth, or last figure, how many units besides ; 
so that the number just written is three thousand five hun~ 
dred and sixty^two : if, instead of five hundreds, there had 
been no hundreds, the number would have been written 
3062 ; that is, three thousand and sixty-ttco. In like man- 
ner, 3502 is three thousand five hundred and two; also, 
3002, is three thousand and two; and 3000, is three thou^ 
sand only. 

(5.) From the explanations which have now been given, 
you see that when a figure stands by itself, that is, without 
any figures beside it, it stands for a certain number of units: 
thus, 6 stands for six unitSy or six ones; and that when a 
figure does not stand by itself, but at the right-hand end of 
a row of figures, it still stands for units : thus, the 6 in the 
number 346 is still six units; but the 6 in the number 562 
stands for ten times 6, or sixty ; the 6 in the number 4637 
stands for ten times sixty, or six hundred; the 6 in the 
number 6253 stands for ten times six hundred, or six thou- 
sand. It is on this account that we say that the last figure 
of any number occupies the place of units; the next figure, 
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t 

on the left, the place of tens; the next, the plaoe of hun- 
dreds; the next, the place of thousands; and so on, as in 
the following Table, which is called the 

Numeration Table. 

375268436297 
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(6.) The number written above, which is a number of 
. twelve figures, is therefore three hundred and seventy-five 
thousand two hundred and sixty-eight millions^ four hundred 
and thirty-six thousand^ two hundred and ninety-seven. If 
we were to put another figure before the first figure 3 above, 
we should have a number of thirteen figures, and the new 
figure would be in the place of billions ; another new figure 
put before this would be in the place of tens of billions^ and 
so on. You should learn this table, by repeating the words, 
units, tens, hundreds, thousands, &c., till you can say them 
in order without looking at the book ; and you must notice, 
that whichever of these you pronounce, the next you pro- 
nounce is always ten times it : thus, ten is ten times unit ; 
a hundred is ten times ten ; a thousand is ten times a hun- 
dredj and so on. 

(7.) Until you have learned the Numeration Table, you 
will not know the meaning of a large number written in 
figures. Suppose the number 465287 were shown to you; 
you could tell what it means only by knowing the Numera- 
tion Table. You would point to the 7 and say units^ to the 
8 and say tens^ to the 2 and say hundreds^ to the 5 and say 
thousands, to the 6 and say tens of thousands^ and to the 4 
wd say hundreds of thousands ; and you would thus know 

b2 



ARITHMETIC. 



the number to be four hundred and sixty-five thousand^ two 
hundred and eighty-seven. And in this way you are now 
required to write in words the following numbers : * — 

Exerciser in Numeration, 



1. 


2763 


35162 


45280 


2. 


56106 


82030 


910257 


3. 


173004 


6789523 


3486025 


4. 


1142060 


lllOlll 


4362800 


5. 


64370253 


99874062 


35006200 


6. 


73892531 


875062035 


107926500 


7. 


7539336210 


326972573971 


415862314203 


8. 


730254062810 


173004202604. 


502130065080 



(8.) Write the following numbers in figures : — 

1. A mile contains one thousand seven hundred and sixty 

yards. 

2. It has been found that there are more than five hundred 

and forty-six thousand persons in the world who are 
deaf and dumb. 

3. The expense of building London Bridge was two millions 

of pounds. 

4. The expense of the Britannia Tube, over the Menai 

Straits, was six hundred and twenty-one thousand 
eight hundred and sixty-five pounds. 

5. The quantity of gold collected at California, in the year 

1850, is estimated at three hundred and twelve thou- 
sand five hundred ounces. 

6. The money received by the London and North-western 

Railway for passengers and goods, during the first half 
of the year 1851, was one million one hundred and 
seventy-seven thousand five hundred and eighty pounds. 

7. The number of visitors to the Great Exhibition, on 

Tuesday, the 7th of October, 1851, was one hundred 
and nine thousand nine hundred and fifteen. fThis 
was the greatest number on any one day.]] 

8. The money received by the Great Exhibition amounted 

altogether to five hundred and ^yq thousand one hun- 
dred and seven pounds. 

9. In the month of September, 1851, there were one million 

one hundred and fifty-five thousand two hundred and 
forty visits paid to the Exhibition. 

* The answers to all the qaestions and exercises are placed at the end. 
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10. The greatest number of yisits to the Exhibition in any 

one month was in July ; the number in that month was 
one million three hundred and fourteen thousand one 
hundred and seventy-six. 

11. The total number of visits to the Exhibition, without 

counting the closing day and certain private days, was 
six million seven thousand nine hundred and forty- 
four,* 

12. The number of people in Great Britain and the British 

Islands in 1851 was twenty million nine hundred and 
thirty-six thousand four hundred and sixty-eight. 

(9.) From these exercises you will see that the ten figures of arithmetic 
are sufSdent for the purpose of expressing any number, bowerer great ; 
and that the reason why so few are enough, is, that each figure chiginges 
its meaning as its place in a number is changed. The value of a figure 
in any particular place is called its local value ; thus, the local value of 
the 6 in 263 is sixty ; and the local value of the 2 is two hundred : the 
local value being always ten times what it would be if the figure were in 
the next place on the right. This ten-fold increase in the local value of a 
figure, when it is advanced one place from right to left, is the reason why 
our system of notation in arithmetic is called the decimal aystem.f 

It may be proper to mention here, that the figures 1, 2, 3, &c. are also 
called digits i and that 0, or nought ^ is also called ciphei-, or zero, 

(10.) It may also be further noticed, that when we have to express a 
very large number in words, it is convenient to separate the figures of it 
into periods of three figures each, by putting a comma before the last 
three figures, another comma before the next three, and so on : thus, the 
large number by which I have illustrated the Numeration Table, when 
the figures are divided into periods, is 375,268,436,297. The advantage 
of this is, that as the leading figure of each period occupies the place of 
hundreds t — that is, of hundreds simply, or hundreds of thousands, or 
hundreds of millions, &c., the number is more readily put into words. 
In the tables published by order of Government, relating to revenue^ 
population, &c., this plan is always adopted. 



ADDITION. 

(11.) The rule for adding a set of numbers together, so as 
to find the sum of them all, is called the rule for Addition ; 
it is the first rule in Arithmetic, and is as follows :— 

* Including the six exceptional days ; namely, the opening day, the 
two days at one pound, the two exhibitors' days, and the closing day, the 
number in the 144 days was about 6,170,000. 

t The learner may be here informed, that the particular marks or 
Sjrmbols used in any science, — as, for instance, the notes in music, and the 
characters or symbols It 2, 3, &c. in arithmetic,— constitute the notation 
of that science. 
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Rule 1. Place the numbers to be added uuder one another, 
so that the units may all be in the first column on the ri^ht^ 
the tens in the second column, the hundreds in the third 
column, and so on. 

2. Add up the column of units; that is, find the sum of the 
units in this column ; if this sum be a number of only one 
figure, put this figure down under the unit column ; but if it 
be a number of more than one figure, it is not to be put down ; 
the last figure of it only, th&t is, the figure in the units* place^ 
is to be put down, and the number expressed by the remain- 
ing figure or figures, after the one put down is rubbed out, 
is to be carried to the column of tens^ and added up with that 
column. In like manner, put down the last figure of the 
number which is the sum of this second column, and carry 
the number expressed by the remaining figures, when the one 
put down is rubbed out, to the next column, or column of 
hundreds, and so on till you reach the last column, the whole 
amount of which is to be put down. 

For example : Suppose we have to add together 327 
the numbers 327, 241, and 58. Then, writing the 241 
numbers under one another, so that the units may 58 

all be in the first column on the right, the tens in 

the second column, and the hundreds in the third, 626 

as in the margin, we should proceed as follows : — 

8 and 1 are 9, and 7 are 16; therefore there are sixteen 
units in the first column, and as this number consists of two 
figures, 1 and 6, we put down only the 6, and carry the 1 to 
the next column, and say 1 and 5 are 6, and 4 are 10, and 2 
are 1 2 ; we therefore put down 2 and carry 1 to the next 
column, saying 1 and 2 are 3, and 3 are 6, which we put 
down, and thus find the sum of the numbers to be 626 ; that 
is, six hundred and twenty-six. 

Again: Suppose we have to add together the numbers 
7625, 3253, 1802, and 211. Writing the numbers ^^^5 
under one another, as before, we say, 1 and 2 are 3, 09/50 
and 3 are 6, and 5 are 11, 1 and carry 1 ; 1 and ioao 
1 are 2, and 5 are 7, and 2 are 9; this being a ^_ 

single figure^ we put it down, and have nothing to 

carry to the next column ; 2 and 8 are 10, and 2 1900^ 

are 12, and 6 are 18, 8 and, carry 1 ; 1 and 1 are 

2, and 3 are 5, and 7 are 12 ; and having now 

reached the last column, the whole amount 1 2 is put down ; 
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SO that the sum of the nnmbers is 12891; that is, twelve 
thousand eight hundred and ninety-one. 

We shall go through the work of but one other example : 
Add together the numbers 57G32, 804, 70300, 731, and 33. 
Writing th^ numbers in columns, as before, we 57632 
say, 3 and 1 are 4, and 4 are 8, and 2 are 10, 804 

and carry 1 ; 1 and 3 are 4, and 3 are 7, and 70300 
3 are 10, and carry 1 ; 1 and 7 are 8, and 3 • 731 
are 11, and 8 are 19, and 6 are 25, 5 and carry 33 

2 ; 2 and 7 are 9 ; 7 and 5 are 12. So that 

the sum is, one hundred and twenty-nine thou- 129500 
sand five hundred. 

(12.) You will easily see that the work of these examples 
is right : thus, looking back to the first example, you see that 
the column of units amounts to 16 units; that is, to one ten 
and six units over ; the one ten is carried, as it ought to be, 
to the column of tena^ and only the six units put in the units' 
place. The tens amount to 12 tens; that is, to ten tens, or 
one hundred, and two tens over ; these two tens are therefore 
put in the tens' place, and the one hundred carried to the 
column of hundreds ; the sum of this column is found to be 
six ; so that we have got the 'right number of hundreds^ the 
right number of tens^ and the right number of units^ in the 
whole. And in the same way you may convince yourself 
that each of the other examples is correct,' and that the rule 
must lead you to the true sum or amount in all cases. 

(13.) There is a way of protfing whether the columns are added np 
widiout error, given in most books on arithmetic ; bat it would cause you 
more trouble than to do the work over again ; you had better therefore 
make up your mind to perform the addition a second time, when you are 
not quite sure that there is no mistake : this second time you should com- 
mence at the top of each column, and add downwards: thus, if you wish 
to try the correctness of example 2, above, begin at the top of the units' 
column, and say, 5 and 3 are 8, and 2 are 10, and 1 are 11, 1 and carry 
1 ; 1 and 2 are 3, and 5 are 8, and 1 are 9 ; and so on. 

Exercises in Addition, 

1. Add together the numbers 342, 165, and 34. 

2. Find the sum of 87, 273, and 49. 

3. Find the sum of 2860, 1723, 41, and 17. 

4. Add together 5693, 482, 6297, and 13. 

5. Add together 17^41, 9203, 510, and 20061. 

6. What is the sum of 35208, 62, 187, and 762070? 

7. Add up 7407003, 169205, 4853, 79, and 382. 
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8. Add the following numbers together; namely, two thou- 

sand and four, seven thousand and thirty-five, one 
hundred and one thousand and nine, seventeen thou- 
sand and forty-eight, and two hundred and one. 

9. On the London and Birmingham Railway, the Primrose 

Hill tunnel is one thousand one hundred and twenty 
yards in length ; the Weedon tunnel, four hundred and 
eighteen yards; the Kilsby tunnel, two thousand three 
hundred and ninety>eight yards. On the Great Western 
Railway, the Box tunnel is three thousand two hundred 
and twenty -seven yards. On the Manchester and Leeds 
Railway, the Littleborough tunnel is two thousand 
eight hundred and sixty-nine yards ; and the Merstham 
tunnel, on the London and Brighton Railway, is one 
thousand seven hundred and eighty yards. What is 
the sum of the lengths of these six tunnels ? 
] 0. By order of Government, all the people in this kingdom 
are counted every ten years; this counting is called 
taking a censiu of the population. In 1841 and 1851 
the numbers were found to be as follow : — 

Cenaut qf ISil. Cennts qf ISbl. 
In England and Wales.:. 1591 1725 17922768 

Scotland 2628957 2870784 

Islands in British Seas 1 24079 1 4291 6 

What was the amount of the population in 1841 and 
1851? 

11. The number of persons visiting the Great Exhibition of 

1851, during the last week, was as follows; namely, 

On Monday, Oct. 6 107815 

Tuesday, Oct. 7 109915 

Wednesday, Oct. 8 109760 

Thursday, Oct. 9 90813 

Friday, Oct. 10 46913 

Saturday, Oct. 11 53061 

How many visits were made during the last week 

altogether s 

12. Find how many days 'the Exhibition was open, and how 

many visits were paid to it altogether, from the fol- 
lowing statement : — 

Number of Dayt. Number of Pertotu, 

May 27 734814 

June 25 1133114 

July 27 1314176 
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August 26 1023435 

September 26 1155240 

October 13 808237 

13. The number of persons who emigrated from this king- 

dom, — that is, who left it to live in other countries, — 
in the years 1849 and 1850, was as follows; namely. 

In 1849. In 1850. 

From England 212124 persons ; 214612 persons 
Scotland 17127 „ 15154 „ 

Ireland 70247 „ 51083 „ 

What was the amount of emigration during these two 
years? 

14. In the year ending on the 5th of January, 1851, there 

were 159 London newspapers, in which there appeared 
891650 advertisements, and 222 English country news- 
papers, in which 875631 advertisements appeared. 
There were also 110 Scotch newspapers, with 249141 
advertisements; and 102 Irish papers, with 236128 
advertisements. Find the total number of newspapers, 
and the total number of advertisements. 



(14.) It is proper that you should now be told, that besides 
the marks or symbols used in arithmetic for numbers^ some 
other marks are also used, instead of common words, for the 
o^^ra^ion^ of arithmetic. Theoperation youhave just performed, 
in each of the foregoing examples,, is the operation of addition. 
Now there is a mark or sign used for addition ; it is an up-, 
right cross, thus +, placed between the figures or numbers to 
be added, and it is called the sign of addition^ and is read 
pltis; there is also a sign for the result of any operation, as 
lor instance, for the sum or total of a set of numbers ; it is 
called the sign of equality^ and is written thus = : whenever 
you see this sign, you are to understand that the words eqttal 
to are meant by it. By using these two signs, you may write 
down any example in addition, with the answer or result put 
against it, without employing any words: thus, taking the 
first example at page 6, you might write it so : — 

327 -f 241 + 5S :=i 626 ; 
and if you were asked to read this, you woul4 say 327 plus 
241 plus 58, are equal to 626, or equals 626. 

In like manner, the second example, with the answer or 
result, would stand thus : — 

7625 + 3253 + 1802 + 211 = 12891 ; 

b3 



10 ARITHMETIC. 

and you yourself can now put the third, or any other ex- 
ample, in the same form, and can read it when you have done 
so. You must really attend to these signs of addition and of 
equality, because they will be often used hereafter. 



SUBTRACTION. 

(15.) We now come to the second rule of arithmetic, which 
is called the rule of Subtraction : it teaches us how to take, 
that is, to subtract^ the smaller of two numbers from the 
greater, and so to find the difference or remainder. If both 
numbers are numbers of iingle figures only, you do not feel 
the want of a particular rule : if you are asked to find the 
difference between the number 8 and the number 5, that is, 
if you are asked to subtract 5 from 8, you can easily see that 
the difference or remainder must be 3 ; and you also know, 
that if 2 be subtracted from, that is, taken away from, 9, the 
remainder will be 7; that if 4 be subtracted from 0, the 
remainder will be 2 ; and so on : but if each be a number of 
several figures, you will want a rule to guide you to the 
correct remainder : this rule is as follows : — 

Rule 1. "Write the smaller number under the greater, 
taking care, as in addition, to place units under units, tens 
under tens, hundreds under hundreds, &c. 

2. Then, beginning with the units, as in addition, subtract 
the lower figure from the upper : this you can easily do if the 
upper figure be the greater of the two ; but if it be the less^ 
you must fancy 10 added to it, which is sure to make it 
greater, so that you can now subtract the lower figure, an(} 
put the remainder underneath. 

3. If you have increased the upper figure by 10, you must 
carry 1 to the next figure to be subtracted; if this next 
figure, thus increased by 1, be greater than the figure above 
it, 10 must be added to the upper figure, as before ; and after 
the remainder is put down, 1 must be carried to the next 
figure ; and so on. 

You see, therefore, that the method is to subtract the units 
of the lower or smaller number from the units of the upper, 
the tens from the iens^ the hundreds from the hundreds^ and 
so on, always adding 10 to the upper figure when it is less 
than the figure under ity and taking care, in such a case, to 
carry 1 to the next figure : it is only when 10 is thus added 
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to an upper figure that 1 is to be carried to the next lower 
one. The following examples will explain the operation : — 

1. Subtract 625 from 6879. 

Placing the smaller number under the 6879 greater 
greater, as in the margin, we say, 5 from 625 less 

9, and 4 remain ; 2 from 7, and 5 remain ; 

6 from 8, and 2 remain ; and as nothing 6254 remainder 

is taken from the upper figure 6, the 

complete remainder is 6254, or 6 thousand 2 hundred and 54. 

As in this example each of the lower figures is less than 
the figure above it, the subtraction is performed without 
adding 1 to any upper figure : in the next example such is 
not the case. 

2. Subtract 13758 from 23596. 

The numbers being written as before, we see 23596 

that the figure 6 in the units' place of the upper 13758 

number is less than the figure 8 below it; we 

therefore fancy 10 to be added to the 6, making it 9838 

16, and say, 8 from 16, and 8 remain, carry 1 ; 

6 from 9, and 3 remain ; 7 from 15, and 8 remain, carry 1 ; 
4. from 13, and 9 remain, carry 1; 2 from 2, and nothiug 
remains ; therefore the remainder is 9838. 

3. Subtract 3506285 from 72311075. 

Instead of repeating the word remain at 72311075 
every subtraction, it is better to proceed as fol- 3506285 

lows : 5 from 5, nought ; 8 from 17, 9, carry 1 ; 

3 from 10, 7, carry 1 ; 7 from 11, 4, carry 1 ; 68804790 

1 from 1, nought ; 5 from 13, 8, carry 1 ; 4 from 

12, 8, carry 1 ; 1 from 7, 6. 

(16.) The truth of this rule for subtraction may be shown 
in a few words: — Adding 10 to Kx^y figure of a number is 
the same as adding 1 to the figure before it : thus, the num- 
ber 75, is 7 tern and 5; if I add 10 to the 5, I make it 7 
tens and 1 ten and 5, that is 85. Again ; the number 623, 
is 6 hundreds, 2 tens, and 3 ; if I add 10 to the 2, I make it 
6 hundredsT, 12 tens, and 3; or 6 hundreds, 10 tens (which is 
another hundred), 2 tens, and 3, that is 723, and so in 
other cases; so that adding 10 to a figure is, in fact, adding 
1 to the figure before it The rule tells us, that whenever we 
add 10 to an upper figure, we must subtract an additional 
1 from the figure before it; therefore, the 1 that has been 
added to an upper figure, for convenience, is immediately 
afterwards taken away, so that all is brought right again. 
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I sball add two or three examples more, with the remain- 
ders put down for yon to look over; and shall then give 
some exercises in subtraction for you to find the remainders 
yourself. 

6803029 34510381 8057130600 • 

2516017 6232045 148112354 



4287012 28278336 7909018246 



(17.) You ca.n prove whether the subtraction is correctly performed, 
by adding the remaioder to the number which has been subtracted ; the 
sum ought to be the top number : thus, taking the first of the three 
examples just given, you would say, 2 and 7 are 9 ; 1 and 1 are 2 ; and 
are ; 7 and 6 are 13, 3 and carry 1 ; 1 and 8 are 9, and 1 are 10, 
and carry 1 ; 1 and 2 are 3, and 5 are 8 ; 4 and 2 are 6. And as the 
figures thus obtained are those of the top number, we conclude that the 
work is right. 

Exercises in Subtraction. 

1. Subtract 375 from 846, and 1237 from 2865. 

2. What is the difference between 36207 and 72098 ? 

3. Take 7992 from 18097, and 300043 from 1001251. 

4. Subtract seven thousand and fiftyrthree, from a hundred 

and eleven thousand and two. 

5. Subtract thirteen thousand one hundred and seventeen, 

from twenty-two thousand and five. 

6. What is the difference between one million three hundred 

and two thousand and forty-two, and three million one 
hundred and eleven ? 

7. The three greatest generals in modern times — the Duke 

of Wellington, Napoleon Bonaparte, and Marshal 
Soult — were all bom in the same year, 1769 ; the last 
died in November, 1851 : how old was the Duke of 
Wellington then? 

8. The population of Ireland in the year 1841 was 8175124, 

and in 1851 it was 6515794 : find by how many 
people the population had decreased in these J;en years.* 

9. The population of Ireland in the year 1821 was 6801827, 

and in the year 1831 it was 7767401 : what was the 
increase in these ten years ? 
10. Thd" population of Great Britain and its adjacent Islands 

* The learner should be required to state the numbers in these ezer- 
cises in words ; and to write his results both in figures and words : he 
may divide the figures into veriods, as explained at page 5. 



SUBTRACTION. 13 

in the year 1841 was 18664761, and in 1851 it was 
20936468 : find the increase in these ten years. 

11. The number of Season Tickets for the Great Exhibition, 

sold before the building was opened, was nineteen 
thousand hve hundred and seven; of these, eight 
thousand six hundred and fifteen were Ladies' Tickets : 
how many of them were Gentlemen's Tickets ? 

12. The number of visits paid to the British Museum in the 

year 1850 was 1098863, and to Hampton Court 
Palace 221119: how many visits were paid to the 
former place more than to the latter ? 

13. The Gross Revenue of the Post Office* for the year 

ending on the 5th of January, 1851, was 2264684 
pounds, and the cost of management was 1460785 
pounds : what was the Net Revenue for the year ? 

14. The total number of passengers conveyed on the Railways 

of the United Kingdom in the half-year ending on the 
30th of June, 1850, was 31766503; and in the half- 
year ending on the 31st of December, 1850, the total 
number was 41087919 : what was the increase in the 
number of passengers in the last half-year ? 

15. The gross receipts of the London and Brighton Railway 

during the week ending Nov. 22, 1851, were, for 
Passengers, 6217 pounds; for Goods, 2135 pounds. 
The gross receipts for Passengers and Goods, during the 
corresponding week of the preceding year, were 8149 
pounds : find how much the receipts had increased. 

16. The population of Great Britain and the neighbouring 

Islands in 1851 was 20936468; the population of 
England and Wales alone was 17922768, and the 
population of the British Islands alone was 142916: 
what was the population of Scotland ? 

17. The salaries paid to the officers employed by the Custom- 

House in 1849 were as follows: salaries in England, 
550236 pounds; salaries in Scotland, 62115 pounds; 
salaries in Ireland, 57903 pounds. The amount of 
Custom-House duty, collected in that year, was 
22481339 pounds: what was the net amount received 
after these salaries were paid ? 

* By revenue of the Post Office is meant income of the Post Office ; 
and ^OM revenuei or gross receipts, means the money received before the 
expenses of management are subtracted ; when these expenses are taken 
from the ffroaa income, the remainder is called the nei income. — See 
Exercise 17. 
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18. In the year 1849 there were 578159 children born in 

England and Wales; of these 295158 were males. In 
the same year 440853 persons died ; of these 221801 
were males ; yon are required to find how many females 
were bom in 1849, and how many died. 

19. What is the difference between 365 -f 2041 + 109, and 

7530 H- 1623 H- 87 H- 3406? 

20. What is the difference between 112104 + 3820 + 3268, 

and 2389 -f 103403 -f 13400? 

21. Find the difference between 462873 -f 5962 + 304 + 

19871, and 1735 + 902603 + 72 + 139. 



(18.) The last three exercises bring into use the sign of 
addition^ explained at page 9. There is also a sign of 
subtraction^ which it is equally necessary that you should 
remember; it is the little mark — . This sign, placed before 
a number, means that the number is to be subtracted. By 
using this sign, which is called minus^ we may express an 
example in subtraction without words, the sign of equality, 
=, being placed before the remainder: thus, the first ex- 
ample, page 11, may be written 6879—625 = 6254; the 
second example may be written 23596 — 13758 = 9838 ; the 
third may be written 72311075—3506285 = 68804790; 
and so of the other examples. If you were asked to read the 
first of these, you wonld say, 6879 minus 625, equals 6254 : 
you can from this read the others without any help ; and I 
dare say you could even read the following, namely, 

24 -f 36—17—41 -f 13—11—2 = 2; 
but in case you should be puzzled, I will read it for yon : it 
is 24 plus 86 minus 17 minus 41 plus 13 minus 11 minus 
2, equals 2 ; the meaning of which is, that if from the sum of 
24, 36, and 13, the sum of 17, 41, 11, and 2, be subtracted, 
the remainder will be 2. 



MULTIPLICATION. 

(19.) We now come to the third rule in Arithmetic, — ^the 
rule for multiplication^ — which teaches us how to find the 
sum of a set of equal numbers without our taking the trouble 
to put them all down, and add them together, as in addition. 



MULTIPLICATION. 15 

• 

If we have to find the sum of two equal numbers, we put 
down only one of those numbers, and multiply it by 2, 
according to the rule to be given presently ; if we have to 
find the sum of three equal numbers, we put down one of 
them, and multiply by 3 ; and in like manner if we have to 
find the sum of eighty or niney &c., equal numbers, we mul- 
tiply one of them by 8, or 9, &c. In this manner we dis- 
cover the sum required very soon. 

The number we multiply another number by is called the 
multiplier; and the other number the multiplicand: the 
result of the operation, and which in addition would be called 
the 8um^ is here called the product. 

Whatever be the multiplicand, and whatever be the mul- 
tiplier, the operation could be described in a single rule ; but 
it will be easier for you if I divide the general rule into two 
particular rules : I shall therefore do this ; but before you can 
use either rule,* you must learn the Multiplication Table^ 
which I here give. This table you must repeat in this way : 
— ^Twice 1 are 2 ; twice 2 are 4 ; twice 3 are 6, &c. Three 
times 1 are 3 ; three times 2 are 6 ; three times 3 are 9, &c. 
Four times 1 are 4 ; four times 2 are 8 ; four times 3 are 12, 
&c. &c. When you say twice any number, you are said to 
multiply that number by 2 ; when you say 3 times, you are 
said to multiply by 3, and so on ; and the number that results 
is the product : thus, when you say 4 times 6 are 24, the 
multiplier is 4, the multiplicand is 6, and the prodtict is 24. 
You must remember this. When you say 4 times 8 are 32, 
if you were asked what is the multiplier^ what is the 
multiplicand^ and what is the product^ — what would you 
answer ? * 

* The learner may, if he please, commit to memory, at first, only a 
part of the table on the next page, and may select from the exercises that 
follow, such of them as require only those multipliers within the range of 
his knowledge of the table. After some practice in these, another por- 
tion of the table may be learnt. Simple as the Multiplication Table 
appears to the arithmetician, it should be regarded by every teacher as a 
thing of no small labour and difficulty to a mere beginner. 
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(20.) You can easfly satisfy yourself of the truth, and also of the we 
of this table, by taking oat of it any multiplicand, and any multiplier, — 
by writing down the multiplicand as often as there are units in the mul- 
tiplier, and then adding all these equal numbers together. You will find 
that the eum of them is always equal to the product pat down in the 
table. Thus, the table tells us that 6 times 7 are 42 ; and we find, by 
addition, that tup 7*8 are 42 : thus, 

7 + 7 + 7 + 7 + 7 + 7 = 42. 
In like manner, we are told by the table that 5 times 8 are 40 ; and we 
knowi by addition, that 

8 + 8 + 8 + 8 + 8 = 40; 

and so in every other case in which the eqaal numbers are each not 
greater than 12, and not more than twelve of them are to be added to- 
gether. When any multiplicand is greater than 12, and the multiplier 
not greater than 12, the table will still help us to the product by aid of 
the first of the two rules I promised ; which is as follows : — 

1. When the Multiplier is not greater than 12. 

Rule 1. Place the multiplier nndel* the multiplicand, units 
uuder units, 

2. Theu, commencing at the units-figure of the multipli^ 
cand, multiply each figure, in succession, by the multiplier, 
and put the product under that figure, taking notice, how- 
ever, that whenever any of these products is a number of 
two or three figures^ the right-hand Jitfure only is to be put 
down, and the rest carried to the next producty as in addition. 

Ex. 1. Multiply 2683 by 2. 

Having placed the 2 under the 3, as in the mar- 2683 
gin, I say, twice 3 are 6; twice 8 are 16, 6 and 2 

carry 1 ; twice 6 are 12, and 1 carried are 13, 3 

and carry 1 ; twice 2 are 4, and 1 carried are 5. 5366 
Therefore the product is 5366. ■ 

2. Multiply V28365 by 3. 

3 times 5 are 15, 5 and carry 1 ; 3 times 6 are 7^8365 

18, and 1 are 19, 9 and carry 1 ; 3 times 3 are 9, 3 

and 1 are 10, and carry 1 ; 3 times 8 are 24, 

and 1 are 25, 5 and carry 2; 3 times 2 are 6, 2185095 

and 2 are 8 ; 3 times 7 are 21. Therefore the 

product is 2185095. 

3. Multiply 276023 by 8. 

8 times 3 are 24, 4 and carry 2 ; 8 times 2 are 276023 

16, and 2 are 18, 8 and carry 1 ; 8 times are 8 

0, and 1 are 1 ; 8 times 6 are 48, 8 and carry 4 ; 

8 times 7 are 56, and 4 are 60, and carry 6 ; 2208184 

8 times 2 are 16, and 6 are 22. Therefore the 

product is 2208184. 
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I shall now insert two or three examples like tbese for yon 
to look over, and shall then prove the work of them to be 
correct by actual addition. 

462508 7841902 37582431 

4 6 9 



1850032 


47051412 


338241879 


462508 
462508 
462508 
462508 


7841902 
7841902 
7841902 
7841902 
7841902 
7841902 


37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 
37582431 


1850032 




47051412 








338241879 



(21.) Yoa thus see the great advantage of the above rule for multi- 
plication, and how many figures and how much trouble are saved by it ; 
you will observe that, throughout, the figures carried in the additions, 
from column to column, are the very same as the figures carried, from 
product to product, in the multiplications ; and I think that nothing more 
need be said in the way of ezpUuning and proving the rule. 

(22.) I shall only remind you, that whenever yon have to multiply a 
number by 10, all you will have to do is, to put a to the number on the 
right ; thus, 10 times 324 is 3240 ; 10 times 5237 is 52370, and so on. 
1 say I have only to remind you of this, for you already know, from the 
Numeration Table, that by putting a to a number, you push the units- 
figure of that number into the place of ten» ; the tens-figure into the 
place of hundredif and so on : that is, every figure of the number is made 
ten times as great. And it is equaUy plain, that by putting itpo O's, you 
multiply the number by 100 ; that by putting three O's, you multiply by 
1000, and so on. 

Exercises, 

1. Multiply 342 by 3. 2. Multiply 4761 by 4. 

3. Multiply 7065 by 5. 4. Multiply 80724 by 6. 

5. Mult. 1139509 by 7. 6. Mult. 273 by 12. 

7. Mult. 75200564 by 8. 8. Mult. 9264073128 by 11. 

: 9. Multiply 650098203470 by 12. 

10. Before the opening of the Great Exhibition, 8615 
Ladies' Tickets, at two guineas each, were sold ; and 
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10892 Gentlemen's Tickets, at three guineas each: 
how many guineas were received for all these tickets ? 

11. The average number of daily visits to the Exhibition, 

that is, the number of visits, one day with another, for 
the last six days, was 89319 : what was the total 
number of visits in the week ? 

12. The emigration from Ireland to the United States of 

America is at present (1851), on the average^ more 
than a thousand persons a day : if the number of 
emigrants were exactly a thousand a day, how many 
persons would leave Ireland in a year or 365 days ? 

13. The greatest number of visitors to the Exhibition, on a 

five-shilling day, was 4451 2 ; this was on May 24th, 
1851 : the smallest number, on a five-shilling day, was 
9327, on July 19th : how many shillings were received 
on both these days together ? 

14. Sound is borne to our ears by waves of air, produced by 

the sounding body. It moves at the rate of 1 1 25 feet in 
a second; but light moves at the rate of about 192500 
miles in a second ; so that from the distance of a few 
miles, light may be said to reach the eye at the instant 
it appears: suppose then, 1st, that you observer man 
breaking stones on a road, and that two seconds after 
seeing the fall of the hammer, you hear the blow : how 
many feet is he off? And 2nd, suppose that seven 
seconds after you see the flash of a cannon you hear 
the report : how many feet off is the gun ? 

15. Eleven seconds after a flash of lightning is seen the 

thunder is heard : how many feet off is the thunder- 
cloud ? 

Yoa see, therefore, that the more quickly the thander follows 
the lightning, the nearer the cloud is, and therefore the greater 
the danger. You may calculate the distance pretty nearly by 
counting the beats of your pulse, allowing 1000 feet of distance 
for the time between every two beats ; for this time is in general 
a little less than a second. In a healthy person the pulse beats 
about 70 times in a minute. 

16. In the week ending February 21, 1851, the number 

of Letters, sent through the Post-Office, was seven 
million two hundred and thirty-nine thousand nine 
hundred asd sixty-two : at this rate, how many Letters 
are sent in twelve weeks ? 



(23.) The sign for multiplication is a cross of this form, x , 
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placed between the two numbers to be multiplied together: 
thus, 4x6, means 4 multiplied by 6, or 6 multiplied by 4 ; 
you may say whichever you please, as the product is the 
same, namely 24 ; that is, 4 x 6 = 24. In like manner, 
7 X 9 = 63, and 7x9x2 = 126. The numbers which, 
multiplied together, produce auother number, are called 
factors of that other number : thus, 3 and 4 are factors of 
12 ; so are 6 and 2 ; and so are 2, 2, and 3. There are some 
immbers, such, for instance, as the number 1 3, that cannot 
be produced horn factors: it is true that 13 x 1 = 13 ; but 1 
is not considered to be a factor. Numbers of the kind now 
spoken of are called prime numbers; and all others, that is, 
all numbers that can be produced from factors, are called 
composite numbers: thus, 9, 12, 14, 16, &c., are composite 
numbers; but 7, 11, 13, 17, &c., are prime numbers. The 
products in the multiplication table are, of course, all com- 
posite numbers ; indeed, you see that every product must be a 
composite number. 

(24.) I need scarcely tell yon, that what is here said of 
the two kinds of numbers, applies to whole numbers only; 
not to halves^ quarters^ &c. : three and a half, multiplied by 
2, will produce 7 ; but 7 is not a composite number on this 
account, because three and a half is not a whole number; a 
whole number is also called an integer; the numbers used 
hitherto in this book are all integers; there are no fractions^ 
as halves^ quarters^ &c., are called. 

2. When the Multiplier is greater than 12. 

Rule 1. Place the multiplier under the multiplicand, 
units under units^ tens under tens^ and so on. 

2. Begin by multiplying by the units-figure of the mul- 
tiplier, and you will get a row of figures, as in the former 
case; then, multiply, in like manner, by the tens-figure^ 
taking care to put the first figure you get under that tens- 
figure, and you will thus have a second row of figures ; then, 
multiply by the thirds or hundreds-figure^ of the multiplier, 
taking care, as before, to put the first figure you get in the 
new row, under that third figure : and proceed in this way 
till you have multiplied by every figure of the multiplier. 

3. Add up all the rows of figures, and you will get the 
product, 

m 

For example : suppose you have to multiply 658 by 43. 



MULTIPLICATION. 



21 



Placing the multiplier 43 under the multiplicand, 658 

as in the margin, you would first multiply by the 43 

3, and say, 3 times 8 are 24, 4 and carry 2; 3 
times 5 are 15, and 2 are 17, 7 and carry 1 ; 3 
times 6 are 18, and 1 are 19. The first row is 
now completed. 

You would then multiply by the 4, and say, 4 
times 8 are 32, 2 and carry 3, and you would be 
careful to put the 2 under the figure you are mul« 
tiplying by, that is, under the 4 ; 4 times 5 are 20, 
and 3 are 23, 3 and carry 2 ; 4 times 6 are 24, 
and 2 are 26. The second row is now com- 
pleted; and as there are no more figures in the 
multiplier, you would draw a line under the two 
rows, and add them up : you would thus find the 
product of the two factorsy 658 and 43, to be 
28294. If, after having multiplied by the 3 and 
the 4, there had been still another figure in the 
multiplier, you would have had a third row of 
figures to add up : thus, if the multiplier had 
been 243, the work would have been as here 
shown: so that 658x243=159894. The 
next example in the margin is one in which 
the multiplier has four figures : you should 
look over the work ; but you cannot want any 
explanation of it, after what has already been 
said. Below are three examples, similar to 
these in the margin, for you tc» work yourself. 

1. 764x35. 2. 764x356. 3. 242635x3456. 

(25.) I have put these three examples here, rather than 
among the exercises at page 24, because I think it better 
that you should have a little practice in the Rule, before I 
show you how you may shorten the work in certoin cases, 
I mean in those cases where noughts or ciphers occur in the 
multiplier or at the end of the multiplicand. 

1. If ciphers occur at the end of the mul- 
tiplier, and you were to proceed exactly as the 
rule tells you, you would get so many roios of 
ciphers: now you avoid the trouble of writing 
down these rows, by departing so far from the 
rule, as to push the ciphers as many places 
to the right hand. Thus, suppose you had to 
multiply 3264 by 2300 : then, pushing the two 
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noughts, or zeros, two places to the right, you get the pro- 
duct hj multiplying as in the margin ; the two noughts being 
brought down before you begin. 

2. If ciphers occur at the end of the mul- 
tiplicand, you push them to the right in the 
same way : thus, in multiplying 372000 by 36, 
you work as in the margin, bringing down the 
three noughts before you begin. When both 
&ctors end in noughts, you bring down all the 
noughts before you begin to multiply, as in the 
second example in the margin, where the two 
factors, or numbers to be multiplied together, 
are 283000 and 470: 

You plainly see, in each of these cases, that 
the noughts brought down before you begin 
the multiplication, may be left where they are 
till after you have done it, and may then be 
brought down to complete the product ; but if 
you did not bring them down at first, it might 
happen that you might forget them : you can 
leave them till the last if you like. 

3. If a cipher occur in the multiplier, any- 
where except at the end, it is to be neglected 
altogether ; for it could only give you a row of 
noughts, to be added to other figures, and the 
adding of noughts is useless. Thus, if we mul- 
tiply 2473 by 3502, as in the margin, we put 
down a row of noughts, which has no effect 
upon the sum of the rows. The multiplier 
nought should therefore have been passed over. 

Remember, however, that whether you pass 

over noughts or not, the first figure, on the right, in each 
row, must be directly under the multiplying- figure that pro- 
duces that row. It the row of noughts had been omitted in 
the last example, the 5, in the row 12365, must still have 
been placed under the multiplying-figure 5, in the mul- 
tiplier 3502. 

(26.) It only remains for me now to prove to you the 
truth of the rule for multiplication. For this purpose, let us 
refer to one of the preceding examples ; the second example, 
for instance, at page 21, and let us examine what has actually 
been done in the working of it by the rule. The example is 
to multiply 658 by 243. Now 243 is 200, 40, and 3 ; so 
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that if we multiply 658, first by 200, then by 40, then by 3, 
and add up the three products, it is plain that we shall get 
the complete product required. The three partial products, 
that is, the products that are only parts of the whole pro- 
duct, are 

658x200 = 131600] 

658 X 40 = 26320 > the partial products. 

658 X 3= 1974 j 

See (22), p. 18. 159894 the complete product. 

By comparing this with the work at page 21, you see that 
when the noughts are rubbed out, the partial products are 
the same in both cases, the only difference being, that there 
the least of these products is written down first, and the 
greatest last, while here the greatest stands first, and the 
least last. Let us take the next example, where the mul- 
tiplier is 5346; that is, 5000, 300, 40, and 6; and let us 
here multiply by the smallest number first, namely by 6, 
then by 40, then by 300, and lastly by the largest number, 
5000. 

378024x6 = 2268144^ 

378024x40 = 15120960 ( .. , , , 

378024x300 = 113407200 fP*"*^^^ P'^^^^^' 

378024x5000 = 1890120000; 



See (22), p. 18. 2020916304 complete product. 



(27.) You thus see that the first row of figures found by 
the Rule, is the product given by multiplying by the units 
of the multiplier; the next row is the product given by mul- 
tiplying by the tens of the multiplier, the nought on the right 
being omitted; the next row is the product given by mul- 
tiplying by the hundreds^ the two noughts being omitted, 
and so on. And yon see that by leaving out these noughts 
at the end of the partial products, no error can be introduced 
into the complete product, which remains the same, whether 
the noughts be removed or not. It is plain that such is the 
principle of the rule, whatever be the multiplier. 

(28.) There is a metiiod of trying whether the product of two nnmbers 
is correctly brought out which ought to be shown to the learner, though 
the truth of it cannot be satisfactorily proved without the help of algebra : 
it is called the method qf catting out the 9'«, and depends on a property 
belonging to all numbers, namely, that if any number be divided by 9, 
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the remainder will be the same as that which arises from diyiding the 
sum of all the digits or figures by 9 ; thus, the number 3264 divided hj 
9, leaves 6 for remainder ; and the sum of the digits, namely 15, divided 
by 9, leaves also 6 for remainder. The method alluded to is thus ex- 
pressed : — 

Add up the digits of the multiplicand, rejecting every 9 that occurs 
among them ; and in adding together the oihir figures, one after another, 
reject 9 every time this addition gives a number not less than 9. Do the 
same with the figures of the multiplier ; and then multiply together the 
final results thus obtained ; cast out the 9's from the product, and note 
what is left. Proceed in the same way with the digits of the aiwtfftfr, or 
product, and if the result here obtained differ from that before noted, the 
work is wrong; if it agree with it, the work is most likely correct. 

This is the same as actually dividing multiplicand and multiplier by 9, 
preserving the remainder left from each, then dividing the product of 
these remainders by 9, and noting the remainder left; which last re- 
mainder cannot differ from that. left by dividing the product by 9, if the 
work be right. And by using any other divisor in this way, the same 
conclusion follows ; if the work be so tried with the two divisors, 9 and 
11, which are the most convenient, it is very unlikely indeed that it can 
be wrong, if it stand both tests.* The reason why 9 is chosen is on 
account of the above-mentioned property of the sum of the digits of a 
number. Let us apply this property to the work of Ex. 3, page 22. 

mSIT^JoS ^l-'^^'^f^'^' J}tobe„.aldpU«l. 

7 rem. after rejecting 9 
Product 8660446, „ ,, 7 



The work may therefore be considered as correct. 

Exercises* 

1. 463x247. 2. 789x674. 3. 2345x896. 

4. 67082x7034. 5. 82060x5831. 6. 34728x65900. 

7. 807900x64300. 8. 250978x64007. 

9. 76830450x2001650. 10. 3456789x9876543. 

11. 372x583x261. 
12. At midnight, on the 12th of August, 1830, a whirlwind, 
or hurricane, visited the West Indies, and passed on to 
America, at the rate of 1 8 miles an hour ; it travelled 
onwards for about 168 hours: how many miles did it 
go in this time ? t 

* The higher any divisor be, the greater the faith to be placed in the 
test, because the less is the likelihood that a false product will give the 
tame remainder as the true one, on account of the wider range of possible 
remainders. If the divisor be 2, the remainder from a false product is as 
likely to be the correct remainder as not. 

t This onward course of the storm, combined with the velocity of its 
rotation, gave it a motion of about 100 miles an hour. — See Rudimentary 
Navigation, p. 65. 



MULTIPLICATION. 25 

13. The total n amber of passengers caarried by the railways 

of the United Kingdom in the year 1847 was 47484134 ; 
the average distance travellea by each was 16 miles; 
how many miles were travelled altogether ? 

14. Light passes from the sun to the earth in about 493 

seconds ; find from this the distance of the sun. (See 
Exercise 14, page 19.) 

15. The total number of passengers carried by the railways 

of the United Kingdom in the first half of the year 
1850, was 31766503, and in the second half, 41087919 ; 
the ayerage distance travelled by each person was 17 
miles; how many miles were travelled altogether in 
the year 1850?* 

16. The greatest number of whales ever captured in the 

northern seas in one season was 2018, taken in the 
year 1823. Estimating the oil produced from each 
whale to have been worth 212 pounds^ what was the 
value of all the oil produced ? 

17. The length of the building in which the Great Exhibition 

was held, is 1851 feet, corresponding to the date of the 
year ; upwards of 5000 articles were dropped in it by 
visitors ; of these about 1851 were afterwards recovered 
by application to the police; among the lost articles 
were 271 pocket-handkerchiefs. If the number of 
handkerchiefs be multiplied by the number which ex- 
presses the date of the year, the product will be nearly 
equal to the nuniber of pounds received, as stated at 
page 4 : find the difference between that number and 
the product. 

18. The gross earnings of the London and North-Western 

Railway for the first half-year of 1 851, for passengers and 

goods, were at the rate of 2273 pounds for every mile ; 

the whole distance travelled up and down was 518 

miles : what was the total amount of earnings for the 

half-year ; and as the expenditure was 735257 pounds, 

what were the net earnings ? 

It is scarcely necessary that I should tell yon, that when your 
multiplier is a componte number, you may if you please multiply 
by the /actort which compose it, one after another, instead of 

* It has been found that, for the last few years, the average length of 
each passenger's trip, year after year, is, within a trifle, uniformly 17 
miles ; and that the average payment for each trip is always, within a 
trifle, 2«. 

C 
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multiplying by the number itself : thoSt instead of multiplying by 
72, you may multiply first by 12 and then by 6, because 12 x 6 
»72 ; and instead of multiplying by 126, you may multiply by 
7, 6, and 3, because 7 x 6 x Sa- 126 ; but| in general, little if any- 
thing is gained by this ; and it is often troabksome to disoover 
what the factors of a high number really are. 



DIVISION. 

(29.) The rule for Division teacbes us tbe way of finding 
how many times the smaller of two numbers is contained in 
the greater. We might do this by repeated subtractions of 
the smaller number ; that is, by subtracting it from the greater 
number, then subtracting it irom the remainder, then again 
from the second remainder, and so on, till we could subtract 
no longer ; the number of times we had subtracted would be 
the number of times which the greater number contains the 
smaller. But this would often be very tedious, and the 
trouble is saved by the rule I am about to give ; for, just as 
Multiplication is a short way of finding the result of repeated 
additions of the same number, so Division is a short way of 
finding the result of repeated subtractions of the same num- 
ber.* You remember, that in Multiplication you called the 
two numbers you were working with multiplicand and mul" 
tiplier ; in Division you call the two numbers dimdend and 
divisor ; and the number of times that the dividend contains 
the divisor is called the quotient, 

(30.) 1. When the Divisor is not greater than 12. 

Rule 1. Put the divisor to the left of the dividend, with 
a mark of separation between the two. 

2. By help of the multiplication table, find how many 
times the divisor is contained in the first figure of the divi- 
dend, or in the number expressed by the first two figures, if 
the first figure alone be smaller than the divisor, and write 
the quotient underneath, taking care to observe what is over ; 
for the divisor may be contained a certain number of times 
in the leading figures, and leave something over. 

8. Now go to the next figure of the dividend, and fancy 

* In strictness, Diviaon is this, and something more ; the ends accom- 
plished by Division will be more fully seen when Compound JHvirion is 
explained. 
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what was over to be prefixed to it ; find how many times the 
divisor is contained in the number you thus get, and carry 
what is over to the nsxt figure of the dividend, as before, and 
proceed in this way up to the last figure of the dividend. 

An example or two will make this rule plain : thus, sup- 
pose I had to divide the number 3456 by 4. Then 
having placed the dividend 3456, and the divisor 4, 4)3456 

as directed, I should see at once that 4 cannot be 

contained in the first figure 3 ; so I should say 4 in 864 

34, 8 times and 2 over ; then, &ncying the 2 to be 

put before the 5, I should say 4 in 25, 6 times and 1 over ; 
and putting this 1 before the 6, I should say 4 in 16, 4 times : 
therefore the quotient is 864 ; that is to say, 4 is contained 
exactly 864 times in 3456. Only consider how many sub- 
tractions we should have to perform here, if it were not for 
this rule of Division ! 

As a second example, suppose we had to divide 835465 by 
6. We 'Should proceed thus: 6 in 8 once 
aud 2 over ; 6 in 23, 3 times and 5 over ; 6 6)835465 

in 55^ 9 times and 1 over; 6 in 14, twice 

and 2 over; 6 in 26, 4 times and two over; 139244.. .1 

6 in 25, 4 times and 1 over. Therefore, 6 is 

contained in 835465, 139244 times, and there is 1 to spare. 
I must say a word or two about this remainder. 

When you divide a number by 6, the quotient that yon 
get is the sixth part of that number ; the quotient tells you 
not only how many sixes there are in the number, but at the 
same time what is the sixth part of that number : thus, if you 
find that there are eight sixes in a number, then you know that 
8 is the sixth part of it ; or that there are six eights in it. 
There are 8 sixes in 48 ; so there are 6 eights in 48 : that is, 
8 is the sixth part of 48. In like manner, if you divide by 
4, the quotient tells you how many fours there are in the 
dividend, or what is ^q fourth part of it ; and so of any other 
divisor. All this must be plain. When you say there are 
3 tern in a nnmber, you mean that 10 times 3 make that 
number; but 10 times 3 are the same as 3 times 10, namely, 
30 ; so that if there are 3 tens in the number, there must be 
10 threes in it, and so on. 

The quotient in the example above, namely, 139244, ie the 
exa^t sixth part only of 835464, so that of the 1 over no 
sixth part has been taken ; consequently, the tme sixth part 
of 835465 is 139244 and one-sixth, that is, a sixth part of 1. 

c2 
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Sach a part of 1 is written thas, ^, and is read one-siath ; so 
that the complete quotient in the above example is 139244^. 
Suppose the number 835465 were so many shillings to be 
equally divided among six persons; then the sixth part, 
namely 139244^, would of course be the number of shillings 
due to each ; and as a sixth part of 1 shilling is twopence, 
the share of each person would be 139244 shillings and two- 
pence. You see if you were to take no notice of the re- 
mainder^ you would wrong each of these six persons out of 
twopence. • Always therefore take account of the remainder^ 
and write it, as here, with the divisor below it, and a little 
line between. 

If it were required to divide 46539 by 7, then 7)46539 

taking account of the remainder^ which is 3, the 

quotient^ or true seventh part, would be 6648^^. 6648^ 

If these were shillings, as before, the share of 

each of the seven persons would be, 6648 shillings and a 
seventh part of 3 shillings. Three shillings is 36 pence, and 
a seventh part is therefore 5 pence and a penny over. There 
is no coin so small as the seventh part of a penny, so that if 
the persons are very particular, they must buy something 
with this penny, and divide that among themselves ; but I 
dare say they would prefer to give it to you for working the 
example. 

You will now, I think, be able to understand the work of 
the following examples, and to do the exercises on the next 
page yourself. 

8)538641 9)725432 11)340261 12)1046285 

67330 J 806031 30932^^ 871 90^^ 



Note 1. The sign for division is -5-, meaning divided by; 
it is placed after the dividend, and before the divisor : thus, 
12-f-3 means 12 divided by 3; sp that 12-4-3=4; 24-f-8=d, 
&c. But division is otherwise represented by writing the 
divisor below the dividend with a little line between them, 

thus, — =4 ; — =3, &c. 
3 8 

Note 2. If you divide any number by 10, the quotient 

will be the very same as the number itself, omitting the Ictst 

figure^ which last figur^ will be the remainder^ as you can 

easily see. Hence you may always write down the quo- 
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tient at once without any worjc: thus, 627-7-10=62-^; 
^=74^^; ^=352^; and so on: ^, ^, ^, f, &c., 

are called /roc^iow*; they are read seven-tenths, three- tenths, 
iiine-tentbs, two-fifths, &c. The arithmetic of fractions will 
be fully explained hereafter.* 

JEfxercises. 

1. Divide 3724 by 5. 2. Divide 72081 by 6. 

3. Divide 109234 by 7. 4. Divide 2006383 by 8. 

5. Divide 520^4100 by 9. 6. Divide 11380625 by 11. 

7. Divide 10792039 by 12. 

8. What is the value of 265837 -f- 4 ? 

9. What is equal to ? 

in wk * • 34205 ,1863 , , « 

10. What IS 4- equal to ? 

1 1. What is £1603705 '_ 113223^^,^^^ 

8 11 ^ 

12. What was the average number of persons daily visiting 

the Great Exhibition during the week commencing on 
Monday, Oct. tf, and ending on Saturday, Oct. 11 ? 
See Ex. 11, p. 8.t 

13. Ireland contains four provinces: what was the average 

population of each province in the year 1851 ? See 
Ex. 8, p. 1 2. 

14. Five years were spent on the work of the Britannia Tube 

over the Menai Straits ; what was the average yearly 
expense ? See Ex. 4, p. 4. 

15. How many letters were on the average sent to the Post- 

OflSce every day of the week ending February the 2l8t, 
1851 ? See Ex. 16, p. 19. 

16. Letters are sometimes put into the Post-Ofiice, by mis- 

take, without any direction ; others are so badly 
directed, that the postmen cannot find out where to 
take them ; and in some cases the people to whom they 
are directed have removed. All these letters are sent 

* I have thought it pardonable to 8Ay thus much about fractions here ; 
this slight allusion to them is unavoidablei if the learner is expected 
thoroughly to understand what be is about. 

t In these questions thejraetional parts of the quotients are not to be 
considered. 
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to what is called the Dead Letter Office; many of 
these contain bank-notes and coin ; many others con- 
tain money -orders, bankers' cheques, &c. The amount 
in bank-notes and cash found in the letters sent to the 
Dead Letter Office^ in the two years between January 5, 
1849, and January 5, 1851, was eighteen thousand 
eight hundred and seventy pounds ; and the amount in 
money-orders, cheques, &c., was one million two hun- 
dred and twenty-six thousand two hundred and eighty- 
three pounds : * what was ibhe average amount of the 
whole quarterly during these twenty-four months ? 

(31.) 2. When the Divisor U greater than 12. 

Bulb 1. Put the divisor on the left hand of the dividend, 
as in the former case, and mark o£f a place for the figures ojf 
the quotient on the right hand. 

2. In order to get the first figure of the quotient, look at 
the first or leading figure of the divisor, and at the first or 
leading figure of the dividend : you will thus be able to see 
how often the former figure is contained in the latter, if this 
latter be the greater of the two ; but if it be not the greater, 
then see how often the leading figure- of the divisor is con- 
tained in the number formed by the first two figures of the 
dividend ; the quotient you thus get is to be put down as the 
first figure of the complete quotient. 

3. Multiply the divisor by this first figure, and subtract 
the product from the number formed by the corresponding 
leading figures of the dividend, and you will get the Jiret 
remainder : but if it should happen that you cannot subtract, 
on account of the product being too great, it will be a proof 
that your quotient-figure is too great; you must therefore 
take it smaller, and begin again. If, on the other hand, you 
can subtract, and you find the remainder to be a number not 
less than the divisor, this will be a proof that your quotient- 
figure is too small; you must then begin again with a larger 
one. Your quotient-figure will often be too large if you 
neglect to take account of the carryings in multiplying the 
divisor by it,ifknd it will sometimes be too small if you allow 
too much for these carryings. 

* If the owners of this money do not apply for it within three years, 
the cash goes to the Revenue ; the orders, bills, &c. are destroyed, and 
property of other kind is sold by auction for the benefit of the Revenue. 
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4. Having got tlie first remainder, which, mind, to be 
correct, must always be less than the dimsoTy annex to it the 
next figure of the dividend, and' see how often the divisor is 
contained in the new number thus got ; you wiU in this way 
find the second figure of the quotient ; multiply the divisor 
by it, and, as before, get a second remainder, annexing to it 
the neat following figure of the dividend ; and proceed in this 
way till all the figures of the dividend have been used or 
brought down. 

If any remainder should be so small, that, even after put- 
ting the proper dividend-figure against it, it be less than the 
divisor, the proper quotient-figure will, in that case, be 0, 
and another dividend-figure is to be brought down. 

Ex. I. Divide 315281 by 23. 

Here, placing the dividend and di- 23)315281(13707 
visor as directed, we see that the first 23 

figure of the divisor is contained once — 
in the first figure of the dividend : we 85 

therefore put 1 in the quotient's place, 69 

and say, once 3 is 3, and once 2 is 2 ; 



and subtracting this 23 from the 31 162 

above it, we get, for the first remainder, 161 

8,. to which we annex 5, the next figure 



of the dividend. We now have to see 181 

how often 23 is contained in 85, or, as 161 

learners usually say, how often 23 will 



ffo into 85. Looking, as before, only 20 

to the first figure of each number, we 



see that 2 wDl go into 8, 4 times : but a glance at the second 
figure of the divisor shows us that, in multiplying by this, 
we should have something to oarry, so that the product of 23 
by 4 would be greater than 85. This warns us that 4 is too 
great : we therefore put 3 for the second quotient-figure ; and, 
multiplying the divisor by this 3, and subtracting the pro- 
duct, we get 16 for the second remainder; and bringing down 
the next figure, 2, of the dividend, we have to see how often 
the divisor goes into 162. As the first figure, 1, of this num- 
ber is less than the first figure, 2, of the divisor, we now have 
to see how often the 2 goes into 16 ; this we at once find to 
be 8 times : but we at the same time know that 8 must be 
too great, on account of what we should have to carry after 
multiplying the 3 by it ; so we put 7 for the third quotient- 
figure, multiply the divisor by it, subtract the product from 
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162, and thus get a third remainder, 1, which becomes 18 
when the next dividend-figure is annexed to it. We now 
have to see how often 23 goes into 18; and as it plainly 
goes no times^ we put a for the fourth figure of the quo- 
tient, and bring down the next figure of the dividend; so 
that we have to find, lastly, how often 23 goes into 181 : 
the 2 will go into the 18, 9 times; this, however, we know 
to be too great, because of what must be carried from 9 times 
3 : we therefore try 8. The product of 23 by 8 is 184, 
which being greater than 181, we reject the quotient-figure 
8, as too large, rub out the product by it, and try 7. The 
product of 23 by 7 is 161, which is less than 181 ; 7 is there- 
fore the cQrrect fifth quotient-figure, and the final remainder 
is 20, with which remainder the work ends, as all the figures 
of the dividend have been brought down. 

The final remainder is to be treated just as the last re- 
mainder in the former rule: it is to be written against the 
quotient, with the divisor underneath, and a short line be- 
tween them; the complete quotient is therefore 13707f§-, the 
fraction at the end being the twenty-third part of 20, so 
that the twenty-third part of the number 315281 is 13707, 
and the twenty-third part of 20 besides. 

After the full explanation here given of every step of the 
work of this example, I think you will be able to understand 
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4652)3290064l3(70293f|| 
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Whenever your divisor ends in ciphers or zeros^ cut them 
off, or fancy them rubbed out, and cut off <m many figures 
from the ri^ht hand of the dividend : then proceed with the 
work just as you would do if neither the ciphers nor the 
figures cut off were there; but remember, that when you 
arrive at the last remainder, you must put against it all the 
figures you have cut off from the dividend to get the com* 
plete remainder. Suppose, for instance, 
you had to divide 278643 by 3500, and 
that you allowed the noughts to remain, 
the work would stand as in the margin, 
as you already know, where you see 
that the last two figures of the dividend, 
namely 43, are also the last two figures 
of the remainder. Now if you had cut 
these two figures off, as also the two 
ciphers, and had taken no notice of them 
till the end, yon would have got, by 
uniting the two dividend-figures to the 
last remainder, the same quotient and 
the same remainder that you have got 
now, as the margin shows: you see, 
therefore, that by following this plan, 
you do away with useless ciphers. The 
complete quotient in this example is 
79|iJj. 
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237)14658293(60000 
14220000 



237) 438293(1000 
237000 

237)201293(800 
189600 

237) 11693(40 
9480 

237)2213(9 
2133 

80 
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' (32.) I hsbve now to explain to 
jou the principle of the rules for 
division, and to show yon that they 
always lead us to the true quotient. 
Let us return to the second example 
aboye, and see what has been done : 
this example is to divide 14658293 
by 237 ; that is, we are required to 
find the 237th part of 14658293. 
By comparing the work with that 
in the margin, you will see that we 
have done what was required, by 
finding first the 237th part of a por- 
tion of the number, then the 237tk 
part of another portion of it, then of 
another, and so on, till all the por- 
tions of it have been divided. You 
see that the several portions of the 
number here are 14220000-1-237000 

-h 189600 -I- 9480 -f 2133 + 80 = 14658293. The 237th 
part of the ^rst portion is 60000; the 237th part of the 
second portion is 1000 ; the 237th part of ^e third portion is 
800 ; of the fourth portion, 40 ; of the Jifth^ 9 ; and the 237th 
part of the last portion is -^^ ; so that the 237th part of the 
whole is 61849^^. And it is plain that a similar explana- 
tion applies to every example worked by the rule. 

In order to prove whether any operation in division is 
correct, you have only to multiply the quotient (without the 
fraction) and the divisor together, and to add the last re- 
mainder to the product ; the result will be the dividend, if 
the work be right. Thus, if in the example ju^ examined, 
61849 be truly the 237th part of 14658293, with 80 over, 
then 237 times 61849, with 80 taken in, must of coarse be 
14658293. 

(33.) The rule I have just been explaining is called the 
rule of Lon^ Division; the former rule, which serves only 
for divisors not greater than 12, is called the rule of Short 
Division. Examples in this rale may of course be also 
worked by long division; in fact, the second rale includes 
the first, only that examples in the first may be worked in 
less space. Nobody would actually do such examples by 
lon^ division; and I only mention, that the second rule 
really includes the first, lest you should be in any doubt as to 
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whether the prinoiple of short division ought to be separately 
explained. Bather than work a short-division example by 
long division, it will be wiser to work a long-division ex- 
ample by short division, as may always be done when the 



56)38248(683 
336 



8)38248 
7) 4781 

• 


464 

448 


683 


168 



divisor can be expressed hjfactorSy 
of which no one is greater than 
12 : thus, 56 is composed of two 
such factors, for 8x7 = 56. If, 
therefore, you have to divide a 
number by 56^ you may first 
divide the number by one of these 
factors, and then divide the quo- 
tient by the other : both forms of , 
division are shown in the margin. 

This is an example with no remainder : in some instances, 
the division by the first factor leads to a remainder, the 
division by the second factor to another remainder, and so on. 
Now when division by any factor leaves a remainder, you 
must write a fraction^ as in the former examples, having this 
remainder above, and the number you have divided by below. 
Should the next factor also leave a re- 
mainder, you must multiply this remainder 
by the lower number of the former fraction, 
and add in the upper number of it ; this will 
give the upper number of the next fraction, 
and the product of the divisors already em- 
ployed will be the lotcer number of the new 
fraction. Two examples are given in the 
margin : in the first of them, the divisors 
are 8 and 7, the factors of 56; in the 
second, the divisors are 3, 6, and 7, the 
&ctorsof 126; that is, 3x6x7= 126. If 
you use long division for the two composite 
divisors, 56 and 126, you will find the quo- 
tients to be the same. I cannot explain to *->'^tt6 
you now how it happens that the fractional ■ ■ 
part of each quotient is truly brought out, as in the margin, 
but you will see it all very clearly when you come to 
Fractions, 

Eooerdses, 

1. Divide 2463 by 47. 2- Divide 39072 by 83. 

3. Divide 1197054 by 342. 4. Divide 8264921 by 576. 



8)38259 
7) 4782| 
683ii 

3)24632 
6) 8210| 

7)1368TfV 
195^, 
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5. Divide 9460257 by 843. 6. Divide 40627385 by 2712. 

7. Divide 7926400 by 3046. 

8. Divide 81729361 by 402600. 

9. Whatis 17690234-T-78910? 

10. Whatis 27506381 -T- 80247? 

11. What is the value of ? 

26083 

12. What is the value of ^^'^^^^^^^^ ? 

3427500 

13. The gross earnings of the Great Western Railway, for 

passengers and goods, for the first half of the year 
1851, were 438834 pounds; the distance travelled up 
and down is 264 miles: what were the earnings per 
mile for the half-year ? * 

1 4. It is found that in a large number of persons, say a hun- 

dred thousand, aged 25 years, about one in every 26 
dies before arriving at the age of 30 years : how many 
may be expected to die out of the whole in these five 
years? 

15. It is estimated that 1 out of every 1585 persons in Great 

Britain is deaf and dumb : how many deaf and dumb 
persons are there in the entire population, which, 
according to the Census of 1851, is 20936468 persons? 

16. The number of blind persons in Great Britain is at the 

rate of about one in every thousand : how many more 
blind persons are there than deaf and dumb ? 

17. The Himalaya mountains in India are the highest in the 

world; some of them have been found to measure 
twenty-seven thousand feet : how many buildings, as 
high as St. Paul's in London, must be piled, one upon 
another, to reach to this height, the height of St. 
Paul's being 344 feet ? 

18. The shilling catalogue of the Great Exhibition contains 

320 pages, and is more than half an inch in thickness : 
there were three hundred thousand copies printed: 
suppose that each copy were pressed to the thickness of 
half an inch, and that all were then piled up, one upon 
another, how many times the height of the Monument, 
near London Bridge, would the pile reach, the height 
of the Monument being 202 feet, or 2424 inches ? 

- * In these qnestions the Jractional parts of the quotientB need not he 
taken into aoconnt. 
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(34.) You have now heen brought through the first four 
rules ojf Arithmetic : from the explanations which have been 
given of them, I think you should understand the reasons of 
the operations those rules direct to be performed : and from 
the many exercises which have been proposed, you ought to 
be pretty ready in the prctctice of them. Everything that 
follows will depend upon these four rules: there are no 
operations in arithmetic besides those of addition, subtraction, 
multiplication, and division. Different names will be given 
to different rules in the remaining part of the subject; but 
adding, subtracting, multiplying, or dividing, are the only 
operations that can enter into the work of -any of them. The 
rules now given are called the four simple rules of arith- 
metic ; simple addition, simple subtraction, simple multiplica- 
tion, and simple division. They are called simple^ not 
because they are so ea«y, but because every example belong- 
ing to them has to do simply with one denomination of 
quantities or things, za pounds^ persons^ miles, &c. These 
are each called things of the same denomination. A sum of 
money, composed of so many pounds, so many shillings, and 
so many pence, Is composed of quantities of different deno- 
minations; and in like manner a distance or length composed 
of miles, yards, and feet, is composed of quantities of different 
denominations ; and accordingly, when the rules of addition, 
subtraction, &c., are applied to these, they are called com- 
pound rules, so that you see the cause of the distinction 
between simple addition and compound addition, between 
simple subtraction and compound subtraction, &c. 

(35.) I am now going to introduce you to the arithmetic 
of compound quantities ; but before I do so, you will have to 
learn a few tables, in order that you may know how many 
quantities of a lower denomination are contained in a single 
quantity of the same kind, but of a higher denomination ; as, 
for instance, how many feet in a mile, how many ounces in a 
pound weight, how many gallons in a barrel ; and so on. 

The table of liquid measure, at page 42, contains more 
particulars than you need commit to memory, as the altera- 
tion in the capacity of the gallon, which took place in 1826, 
alters the number of gallons now contained in the old casks. 
The imperial gallon is used equally for wine and malt liquor ; 
it ia^ less than the old wine* gallon, and greater than the old 
ale gallon. (See foot-note, page 42.) 



38 ABITHMETIC. 



TABLES OF MONEY, TIME. WEIGHTS, MEASURES, &c. 



MONEY. 

In the United Kingdom, money-accounts are kept in 
poundi, $hilling$^ pence^ -and farmings. The symbols or 
marks used for these are £, for pounds ; «, for shillings ; and 
d^ for pence : q is sometimes used for farthings, or guar ten of 
a penny, and sometimes the letter^ The pound used to be 
represented by a Bank-note, value 20#. ; it is now re- 
placed by a gold coin, called a sovereign; there was formerly 
another gold coin, called a guinedy the subdivinons of which 
were the half-guinea^ and the seven-shiUing-pieee. The 
value of the guinea was 21$. Though this latter coin has 
gone out of circulation, it is still customary to call 21#. 
a guinea. The weights of this coin and its subdivisions are 
given below ; as also of the 5s. piece, or croumy and hal/^ 
erowny in the present coinage. 

Gold Coiva-^^ld Coinage. 



Name. 
Guinea 


Value. 
2U. Od. 


Weight, trey. 
5 dwt.* 9 if [ 


Half-Guinea 


10s. ed. 


2 


i«ii 


7s. Piece 


Is. Od. 


1 


i9« 




New Coinage. 




Sovereign 
Half-Sovereign 


20s. 
10s. 


5 
2 


3Hi 
13 iH 


Silver Coins- 


"New Coinagi 


^ 


Crown 


5s. Od. 


18 


4A 


Half-Crown 


2s. ed. 


9 


2A 


Shilling 
Sixpence 
4d. Piece 


12d. 

Os. ed. 

Os. id. 


3 
1 

1 


15^ 


3^. Piece 


Os. Sd. 





21* 



* The mark dwt. means pennyweigfat, and ffr. stands for grains^-See 
toble of Troj Weight. 
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Pence Table. 








9, 


d. 


Pence. 


s, d. 


PeM€ 


4 ^Ekrthingf 


I make 


1 


50 make 


4 2 


100 


12 pence 




I 





60 „ 


5 


108 


20 ^ 


w 


1 


8 


70 „ 


5 10 


110 


24 „ 


5> 


2 





72 


6 


120 


30 „ 


>» 


2 


6 


80 „ 


6 8 


130 


36 „ 


9» 


3 





84 „ 


7 


132 


40 „ 




99 


3 


4 


90 


7 6 


140 


48 „ 


n 


4 





96 


8 


144 



39 



make 



5> 



M 






#. 


d. 


8 


4 


9 





9 


? 


10 





10 


10 


11 





n 


8 


12 






A farthing is represented thus : \d,y meaning one-fourth of a 
penny ; two farthings, or one halfpeany, thus : ^d. ; an4 
three fajrihings thus : f d 

NoTE.'Gold coins are allowed by law to pass under the full w^ght, 
an allowance of very nearly half a grain being made for the diminution of 
weight by use : thus, a sovereign passes for its full value, provided it 
reach the weight of 5 dwt. 2} gr. Gold coins are not wholly of pure 
gold ; they are made of what is called standard gold, which is composed 
of 11 parts of pure gold, and 1 part of an alloy of either pure copper or 
copper and silver. Any quantity of gold, whetiier alloyed or not, is, for 
convenience, supposed to be divided into 24 parts, called carats ; and tbei 
degree of purity of the mass is expressed in these carats : thus, standard 
or sterling gold is 22 carats fine ^ the remaining 2 carats being alloy. 
Unalloyed gold is 24 carats fine. Gold is not idloyed in coinage from 
motives of frugality, but for conrenience of workmanship, and for the 
purpose of rendering the coin harder and more durable. Articles of plate, 
in gold, are allowed to be of standard purity, — that is, 22 carats fine ; 
but in watch-cases this degree of fineness is not permitted ; the standard 
for them is 18 carats fine ; so that one-fourth of the material is alloy. 
The '' Hall mark," .which guarantees the proper degree of purity, is 
usually stamped on the ring that suspends the watch, and on other parts 
of the case. 

Standard silver, for silver coins, contains 11 oz. 2 dwts. of pare silver 
in 1 lb. troy, and 18 dwts. of alloy. 



60 seconds, 
60 minutes, 
24 hours, 
7 days, 
52 weeks 1 day 



TIME. 

marked thus, 60 sec. 

60 m. 
24 h. 



n 



»» 



make 






>5 



J» 



1 
1 
1 
1 
1 



minute. 

hour. 

day. 

week. 

year. 



7d. 

,, O^ W. X CI. ,, 

52 weeks 2 days, or 366 d. „ 

Leap year occurs once in every four years, when a day must be added 
to 365, the number of dajrs in a common year ; the month which takes 
this additional day is Febnuuryf which in leap year has 29 days. If the 



1 leap year. 
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date of the year be divided by 4, and there be no remainder, that year 
will be leap year ; and 1, 2, or 3, will remain, according as the year is 1, 
2, or 3 years after leap year. The number expressed by the last two 
figures only of the date may be used instead of the complete date, as the 
remainder arising from division by 4 will be the same : thus, the year 
1852 is leap year,' since 52 is exactly divisible by 4. The addition of a 
day every fourth year is rendered necessary on account of the ordinary 
year being taken as 365 days, instead of 365^ days, which it is within a 
few minutes ; so that in 4 years a whole day would otherwise be over- 
looked. Even as it is, the few minutes just noticed, by which 365^ days 
differs from the true year, as shown by the sun, accumulate to an error 
of about 3 days 2^ hours in 400 years. This error is an error of excew ; 
for the true solar year is 365 d. 5 h. 48 m. 49 sec. To remove the effect 
of this errors it has been fixed that when the year consists of complete 
centuries (a century being 100 years), although the date would be exactly 
divisible by 4, yet 'the year is not to be considered as leap year, unless the 
date, omitting the two final noughts or zeros, is also divisible by 4 : thua, 
the years 1800, 1900, 2100, &c., are to be reckoned as common years, 
since 18, 19p 21, &c., are not divisible by 4 ; but 1600, 2000, &c., are 
leap years. With this correction the civil reckoning so far agrees, on the 
average, with the astronomical determination of the year, as to be only 
one day in advance of the strict truth in 3546 years, — an error which for 
the purposes of life it is unnecessary to make any provision for. 

The year is divided into twelve parts, — January, February, 
March, April, May, June, July, August, September, October, 
November, and December. These are called the 1 2 calendar 
months. Each of these, except February in a common year, 
contains more than 4 weeks, or 28 days; yet, in ordinary 
language, 4 weeks is called a month. There are 13-^ of these 
months in a calendar year. The number of days in each 
calendar month may be easily recollected by aid of the fol- 
lowing lines : — 

Thirty days have September, 

April, June, and November, 

February has twenty-eight alone, 

And all the rest have thirty-one ; 

But leap-year, coming once in four, 

February then has one day more. 



WEIGHTS. 

Avoirdupois. marks. 

16 drams make 1 ounce (oz.) 

16 ounces „ 1 pound (lb.) 

28 pounds „ 1 quarter (qr.) 

4 quarters, or 112 lbs. ^ 1 hundred- weight (cwt.) 

20 hondred-weight „ 1 ton (t.) 
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By this weight coarse and bulky goods are weighed, and all the com- 
mon necessaries of life. The weight called a 8ione is also much used for 
like purposes ; but it is not fixed, like the other weights given above ; in 
general, however, by a stone is meant 14 lbs. avoirdupois. In London, 
a stone of butcher's meat is only 8 lbs. ; but in many country places it is 
14 lbs,, and in some 16 lbs. Unless, however, the contrary be stated 
(butchers' meat excepted), by a stone 14 lbs. is always understood, so 
that 8 stone make a cwt. ; 2 stone of 14 lbs. make 1 tod of wool ; 6^ tods, 
1 wey ; 2 weys, 1 sack ; and 12 sacks 1 last : 12 sacks also make a chal- 
dron of coals, — a measure now discontinued. 



Troy. 




marks. 


24 grains make 
20 pennyweights „ 
12 ounces „ 


1 pennyweight 
1 ounce 
1 pound 


(dwt.) 

(oz.) 

(lb.) 



This weight is for the precious metals, and for ingredients used in 
philosophical experiments. The grain troy is subdivided into 20 parts, 
called mites ; so that 20 mites = 1 grain. The avoirdupois ounce is less 
than the troy ounce ; for 1 oz. avoir. = -^jf oz. troy ; but the avoir- 
dupois pound is greater than the troy pound ; for 1 lb. avoir. = -^ lb. 
troy. 

Apothecaries. marks, 

20 grains make 1 scruple (so. or 9) 

3 scruples „ 1 dram (dr. or 5) 

8 drams „ 1 ounce (oz. or 3) 

12 ounces „ 1 pound (lb.) 
Apothecaries and chemists use this weight in mixing medicinea; but 
drugsfire bought and sold by avoirdupois weight. 



MEASURES 
Of Length, Surface, and Soud or Cubic Contents. 
Length (or Long Measure). marks. 



12 inches make 


1 foot (ft.) 


3 feet „ 1 ys^Tii (yd.) 
6 feet „ 1 fathom (fath.) 
5i yards „ 1 rod, pole, or perch (per.) 

4 perches, or 100 links 1 chain (22 yards) 

40 poles „ 1 furlong (^ur.) 
8 furlongs „ 1 mile (i^i*) 
3 miles „ 1 league (lea.) 




Cloth. 


2^ inches „ 


1 nail (na.) 


4 nails „ 

5 quarters „ 
3 quarters . „ 

A handy in measuring 1 
apaeey 5 feet A rood of 


1 quarter of a yard 

1 ell English 

1 ell Jblemish. 
lorses, is 4 in. ; a span^ 9 in. ; and 
fencing or ditching is 7 yards. 
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Surface (or Square Measure). 

make 



144 square inches 
9 square feet 
30^ square yards 
40 sq. perches 
4 roods 

10 sq. chains, or 100000 sq. links 
640 acres 
100 square, feet 
272^ square feet 






>» 



n 



»> 



55 



55 



1 square foot. 

1 square yard. 

1 sq. rod, pole, or perch. 

1 rood. 

1 acre. 

1 acre. 

1 square mile. 

1 square of flooring. 

1 sq. rod of brickwork. 

SoLip, or Cubic Measure. 

1728 cubic inches make 1 cubic foot; and 27 cubic feet make 

1 cubic yard. 

Measures for Wine, Spirits, 

4 gills make 

2 pints 
4 quarts 
10 gallon$ 
18 galloM 
31^ gallons 
42 gallons 
63 gallons 
84 gallons 

126 gallons (2 hhds.) 
252 gallons 
9 gallon^ 
2 firkins 

2 kilderkins (36 gal.) 

54 gal, or 1^ bar. 

72 gal. or li bhd. 

108^a/. or 1^ pun. 

216 ^aZ. or 2 butts 






9^ 

Id 

§ 



55 
55 
55 
55 
55 
55 



55 



55 



55 



55 
55 
55 
55 



55 



55 
55 



55 



Ale, Beer, &c. 


1 pint. 


1 quart. 
1 gallon. 
1 anker. 


1 runlet. 


1 barrel. 


1 tierce. 


1 hogshead (bhd.) 
1 puncheon. 
1 pipe, or butt. 


1 tun, or 2 pipes. 
1 firkin. 


1 kilderkin. 


1 barrel. 


1 hogshead. 
1 puncheon. 
1 butt. 


1 tun. 



* These measures are inserted here chieflj because the learner may 
know the number of gallons meant whenever he meets with the names of 
them^ but he must be here apprised, that these gallons are not imperial 
gallons, but gallons according to the old measure, which has been abo- 
lished. Old gallons, wine measure, are conyerted into imperial measure 
by multiplying by f ; and old gallops, ale measure, are conyerted into 
imperial measure by multiplying by f^, which fractions are sufficiently 
accurate for practical purposes. The names of the measures for wine 
and ale, marked above, are ttow merely the names of easkst and do not 
denote imperial measures ; indeed, some of these names were never un- 
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The imperial gallon is a measare of the same uniform capacity, whether 
for wine, ale, -beer, com, or any other commodity; it must contain 
exactly 10 lb. avoirdupois of distilled water. The barrel, hogshead, &c. 
differs in capacity, according as it is used for wine or beer. 

Corn, or Dry Measure. 

2 bushels make 1 strike. 
2 strikes „ 1 coom. 
2 cooms (8 bash.) 1 quarter. 
5 quarters „ Iwejorload. 
2 weys „ 1 last. 

The standard weight of a sack of coals is 2 cwt. ; so' 
that 10 sacks weigh 1 ton. A ship-load is 4240 sacks, or 
8480 cwt. A sack contains 3 htukel^^ heaped measure; but 
heaped measure is now abolished. 



2 pints 


make 1 quart. 


2 quarts 


„ 1 pottle. 


2 pottles 


„ 1 gallon. 


2 gallons 


yif X pecjL. 


4 pecks 


„ 1 bushel. 



Division of tbe Cibcumfbrencb of a Circle. 

The circumference of every circle is supposed to be divided 
into 360 equal parts, called decrees; these, of course, are 
longer or shorter, according as the circle is greater or less. 
Each degree is divided into 60 equal parts, called minutes; 
and each minute into 60 equal parts, called $ec<md$: the 
marks for degrees, minutes, and seconds, are a small ° for 
degrees, a dash ' for minutes, and two dashes '^ for seconds, 
thus: 

60"= 1'; 60'= 1**; 860 *» = a whole circumferenoe ; 

90° = a quadrant. 

A degree of the circle round the earth at the equator, or a 
degree of a meridian, is about 69-j^ miles ; so that the length 
of 1' is the 60th part of this, which is the length of a sea- 
miley or, as it is frequently called, of a geographical mile; a 
geographical, or nautical mile, being the length of 1' of the 
equator or meridian ; it exceeds a land mile by about \ of 
that mile. 

alterably fixed in meaning: a pipe of wine of one Innd often differed 
considerably in measure from a pipe of another kind. Whatever name 
be still retained for the eatk^ the liquor contained in it is always gauged 
or measuredf and valued in imperial gallons accordingly. It is useful to 
remember, howev^ , that if a person were now to purchase a runlet of 
wine,— that is, a cask of that name full of wine,~he would get only f of 
18 imperial gallons ; that is, only 15 gallons imperial measure. The word 
gallant is printed in italics above to imply that old measure is meant. 
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REDUCTION. 

(36.) Reduction is the name given to the operations by 
which a quantity is reduced to another of the same value, but 
of different denomination. The operation, for instance, by 
which pounds in money are reduced to shillings, pence, or 
farthings ; or fEtrthings to pounds, years to hours, &c. You 
•see, therefore, that Reduction is of two kinds : the reduction of 
a higher denomination to a lower, and the reduction of a lower 
to a higher ; it is therefore comprised in two rules. 

1. To Reduce a Quantity to one of a Lower Denomination, 

Rule. See by the tables how many quantities of the next 
lower denomination make one of the higher, and multiply 
the proposed quantity by that number ; the product will be 
the quantity in the next lower denomination. 

If it is to be reduced still lower, see how many quantities 
of that next lower denomination make one of the denomina- 
tion already reached, and, as before, multiply by that number; 
and so on till you reach the denomination required. 

Ex. 1. Let it be required to reduce 
£124 to farthings. £124 

As 20 shillings make one pound, we 20 

first multiply by the number 20 ; this 

reduces the £124 to 2480 shillings ; and, 2480 shillings, 
since 12 pence make one shilling, we then 12 

multiply these shillings by the number ■ 
12, which reduces the 2480 shillings to 29760 pence. 
29760 pence; and, lastly, since 4 far- 4 

things make one penny, we multiply these 

pence by the number 4, which finally re- 1 1 9040 farthings, 
duces the £124 to 119040 farthings. 

If any quantities of the lower denominations are connected 
with the quantity to be reduced, we must, of course, add 
them in with the products which give the same denomina- 
tions; thus, if shillings had been connected with the £124 
above, these shillings must have been added in with the 
product 2480, which gives shillings ; and if pence had also 
been connected with the pounds, we must have added them 
in with 29760, the product which gives pence ; and so on. 
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j£. #. d. 

124 13 4^ 
20 



2493 shillings 
12 

29920 pence 

4 



119682farthings 



2. Suppose we had to reduce £124. 13«. 
i^d. to farthings. 

Then, multiplying the 124 by 20, and 
taking in the 13, we have 2493 shillings; 
and multiplying these by 12, and taking 
in the 4, we have 29920 pence; and, 
lastly, multiplying these by 4, and taking 
in the 2 farthings, we have finally 119*682 
farthings. 

It is proper that I should notice here, 
that in reducing pounds to shillings you do 
not multiply the pounds by 20, but only 
the number of pounds ; if pounds be multiplied by any num- 
ber the product must be pounds. In like manner, in reducing 
to pence, it is not the shillings you multiply, but only the 
number of them. It would be tedious to be always making 
this distinction in rules and examples, though it is right that 
you should not be misled by the brief language £, s, d, 
in which rules are sometimes expressed. 

3. Reduce £372. \5s, 7^d, to farthings. 
Here we multiply by 20, and. take in 

the 15; then by 12, and take in the 7; 
and, lastly, by 4, and take in the 3 ; as in 
the margin. 

4. How many minutes are there in 29 
days, 3 hours, and 21 minutes? 

Since 24 hours make one day, and 60 
minutes one hour, we have to multiply, first 
by 24, taking in the 3 hours, and then by 
60, taking in the 21 minutes, as in the 
margin. 

You will of course understand, when it 
is said that 24 hours make a day, that what 
in common language is called a day and a 
night is meant People in general consider 
a day to end at 12 o'clock at night, and 
then a new day to commence, which lasts 
till 12 o'clock the following night, thus com- 
pleting 24 hours ; yet it is customary to call 
that part of the 24 hours usually devoted to 

sleep, niffht ; and to apply the term day more ■= 

especially to the other portion. Astronomers begin their day 
at noon, and end i^ at the noon following. What they would 



372 15 7| 
20 

7455 shillings 
12 

89467 pence 
4 

357871 farthings 



A. 
3 



21 



d. 
29 
24 

119 
58 



699 hours 
60 

41961 minutes. 



46 



ARITHMETIC. 



lb. 02. dwt. gr. 
17 6 14 21 
12 



210 
20 

4214 
24 

16857 
8430 

101157 grains. 



call Jan. 5, at 18 h. 15 m., we should call 
Jan. 6, at a ^ past 6 in the morning. 

5. How man J grains are there in a 
lump of gold, weighing 171b. 602. 
14 dwt 21 gr. ? 

Here we have to multiply, first by 
12, taking in the 6 ; then by 20, taking 
in the 14 ; and, lastly, by 24, taking in 
the 21. Ab the first figure, arising from 
multiplying by the 4, expresses units^ 
we shaJl add the units in 21, namely 
the 1, to this figure ; and as the figure 
arising from multiplying by the 2 is 
tenSy we shall add the tens in 21, namely 
the 2, to this figure. 

NoTB. You may sometimes have to multiply by a number 
with a fraction joined to it, as, for instance, by 5^, in order 
to reduce perches to yards ; to do this you may first multiply 
by the 5, and then to the product add half the multiplicand ; 
or you may multiply by tteice 5^, that is by 11, and then 
divide the product by 2. If the fraction be one-fourth^ or 
three^fourths, you may reduce all to fourths^ by multiplying 
the number to which the fraction is joined by 4, and taking 
the odd fourths in ; the result will then be four times the 
true multiplier, which you may use instead of the true one ; 
but then you must remember to divide the product by 4, to 
get the true product In general, however, the best way 
will be, when you have to multiply by ^, to take a fourth 
part of the multiplicand ; and when you have to multiply by 
f , to take half the multiplicand for two fourths, and then half 
of this for the remaining fourth. These portions of the mul- 
tiplicand, added to the product you get by using the multiplier 
toithout the fraction, will give the complete product. Thus : 
suppose 327 is to be multiplied by 5^, and 30^, respectively, 
the work is as follows : 

2)327 4)327 

5.^ 80i 



1635 

lesi for ^. 



9810 ' 
81|/ori. 



Product 1798i 



Product 9891 f 
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In tlie first of these operations, 327 perches are reduced to 
yards ; in the second, 327 square perches, or rods, are re- 
duced to square yards. 

ExercUes, 

1. Reduce £865. 17«* 5<i7. to pence. 

2. Reduce £397. 16^. ^^d. to &rthings. 

3. How many minutes are there in 365 days ? 

4. How many pounds are there in 5cwt. 3qr. 18 lb. of 

cheese? 

5. Reduce 73 oz. 17dwt. 11 gr. of gold to grains. 

6. How many inches are there in 237^ yards of length ? 

7. Reduce 47 miles 5 furlongs 9 perches 3 yards to yards. 

8. How many square yards are there in 7 acres ? 

9. How many pounds are there in 3 tons 13cwt 2qr6. 22 lb. ? 

10. Reduce 46 barrels of beer to quarto {old measure), 

11. The middle arch of the Sonthwark Iron Bridge weighs 

about 1523 tons: what is its weight in pounds? 

12. The great bell of St. Paul's weighs 5 tons 2 cwt. 1 qr. 

22 lb. : what is its weight in pounds ? 

13. The largest bell in the world is that of Moscow ; its 

weight is 192 tons 17 cwt. 16 lb.: reduce this to 
pounds. 

14. The money taken in silver alone at the doors of the Great 

Exhibition weighed about 35 tons : how many avoir- 
dupois ounces did it weigh; and how much silver 
money was taken, allowing 5«. to weigh an avoirdupois 
ounce, as is very nearly the case ? 

15. A pipe of wine is to be drawn off in an eqtuil number of 

quart, pint, and half-pint bottles : how many of each 
will there be {old m^eaeure) ? 

1 6. How many grains are there in three dozen of table-spoons, 

each spoon weighing 2 oz. 4 dwt. ? 

17. The ground occupied by St. Paul's Cathedral measures 

2 acres 16 perches : how many square feet are there in 
this extent ? 

18. A vat, or large cask for preserving beer, was built for 

Mr. Meux, the brewer, so capacious that 400 men 
stood without inconvenience inside of it : it held twelve 
thousand barrels of beer; how many quarts did it 
contain (old measure) ? 

1 9. The total receipts of the Great Exhibition were £505107 : 

if this sum were reduced to shillings, and a person were 
to begin counting them as soon as Jan. 1, 1852, com- 
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menced, at the rate of 80 shillings a minute, and to 
continue counting twelve hours a day, in what month, 
and on what day of that month would he have finished 
his wearisome task?* (Remember that 1852 is leap- 
year.) 
20. The weight of the gold taken at the doors of the Great 
Exhibition was about one thousand seven hundred and 
fifty- one pounds troy: how many sovereigns were 
there, each sovereign weighing 123 grains? 

(37.) 2. To Beduce a Qtiantity to one of Higher Denomination, 

Rule 1. Reduce the quantity to the next higher denomi- 
nation, by dividing it by the numh^ which expresses how 
many of the lower denomination make one of the higher. 

2. In like manner, reduce this new denomination to that 
next higher, by again dividing ; and so on till the proposed 
denomination is reached. 

Ex. 1. Reduce 119040 far- 4)119040 &rthings 
things to pounds. * 

First, dividing by 4, to reduce 12) 29760 pence 

the farthings to pence, we get 29760 

pence; next, dividing by 12, to 2^0) 248^0 shillings 

bring these pence into shillings, we 

reduce it to 2480 shillings; and, 124 £ 

lastly, dividing by 20, we find the 

number of pounds to be 124. (See Ex. 1, page 44.) 

2. Reduce 357871 farthings to 
pounds. 4)357871 

Dividing by 4, as before, we get 

89467 pence, and three farthings. 12) 89467f 

Dividing these pence by 12, we get 

7455 shillings, and 7 pence; and, 2^0) 745^5 Id. 

lastly, dividing the shillings by 20, * 

we get £372. 15*.; consequently the £372. 15*. 7|fl?. 

entire sum is £372. 15*. 7|4. (See 

Ex. 3, page 45.) 

* I have been desirous of avoiding purely frivolous questions in this 
work ; but questions such as this must not be considered as such. It is 
difficult to form an adequate conception of a very large number ; and we 
may be much assisted in doing so by estimating Uie time it would take to 
count it. A person will have a much better conception of a million, 
from considering, that if he were to count a million things as fast as 
possible, — say 100 a minute, — it would occupy him day and night, with- 
out intermission, for a whole week, within an hour and 20 minutes. 
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S. How many days are there in 
41961 minutes? (See Ex. 4, p. 45.) 6,0)4196,1 

Dividing by 60, the number of 

minutes in an hour, we get 699 hours 3) 699 21 m. 

and 21 minutes. Dividing the hours 

by 24, that is, by 3 and 8, because 8) 233 

3 X 8 = 24, the number of hours in a 

day, we get 29 days, and 1 over; 29 d. 3h. 21m. 

not 1 hour, but once three houre, be- 

cause 233, to which this 1 belongs, are not houre, but units 
of 3 hours each ; since they arise from dividing hours by 3. 
And you must be careful to observe this, when in any ex- 
ample in reduction, you split your divisor into its component 
factors, and divide by them instead; ihe remainder arising 
from any one of these factors, must always be multiplied by 
the product of whatever other of those factors may have been 
previously used for divisors. 

4. How many pounds are 3)101157 

there in 101157 grains of gold ? ■ 

(See Ex. 5, p. 46.) 2) 33719 

Here we have first to divide 

by 24, to bring the grains into 4) 16859 3gr. 

pennyweights; and the better __^ 

to illustrate what has just been 2,0) 421,4 18gr« 

said, let us split 24 into its 

three factors, 2, 3, and 4, di- 12) 210 14dwL 

viding, however, by 3 first, since 

it is probable, from the last 17 6oz. 

figure of the proposed number 

being 7, that 3 is contained in 171b. 6oz. 14dwt 21 gr. 
it without remainder. The first 

remainder we get is the remainder 1, from the divisor 2 ; this 
remainder multiplied by 3, the only other of the three factors 
previously used, gives us 3 grains. The division by 4 leaves 
another remainder, namely 3 ; this multiplied by 6, the pro- 
duct of. the 2 and 3, already used as divisors, gives us 18 
grains; so that the total number of grains over is 21. The 
final result is, therefore, 17 lb. 6 oz. 14dwt 21 gr. 

You will observe that I have used the three factors of 24 
here only for the sake of showing you how to proceed when 
three factors are necessary in order to enable you to exchange 

D 



\ 
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long diyision for short division, which yon shonld always do 
whenever you can.* 

Reduce 3275 lb. avoirdupois to cwts. 2)3275 

By the table we see that 112 lb. make 

one cwt; it is also easy to see that 112 7)1637 lib. 

will divide by 2 ; the quotient is 56^ which 

is 7 X 8 ; therefore, 112 = 2 x 7x 8; so that 8) 233 12 lb. 

we may here use short division, employing 

these three factors for divisors, as in the 29 14 lb. 

margin. Instead of the divisors 2, 7, 8, 

we might have used 4, 4, 7, as is obvious.f 29 cwt. 27 lb. 
Note. You may sometimes have to divide by a number 
having a fraction joined to it, as, for instance, by 5^, in 
order to reduce yards to perches. In this case, the best way 
is to divide twice the dividend by Uoice the divisor, that is, 
by 11. If the fraction in the divisor be a quarter or three 
gtuirtersy instead of a half^ then you should reduce both 
dividend and divisor to quarters before you begin, moltiply- 
ing the divisor, without the fraction, by 4, and taking in the 
odd quarter or quarters. You must observe, however, that 
the remainder you get must be divided by 2, if you are 
dealing with halves^ and by 4, if you are dealing with quar^ 
ters^ in order that you may obtain the proper remainder, in 
the $a9ne denomination as the dividend. Thus, suppose it 
were required to divide 37810 by 5^, and by 30^, respec- 
tively, you should work as follows : — 

37810 
2 



5ix2 = 11)75620 



Quotient 6 8 74 ... 3, half the remainder. 

* A table of factors, suitable for short division, of all numbers up to 
10000, is given at the end of the book ; the arithmetician will find it very 
useful on many occasions. 

t The learner will readily see that the above method of getting the 
final remainder corresponds with what has already been explained at 
page 35. The only difference is, that there the remainder is expressed in 
the /inal denomination, while in Reduction it is made to preserve the 
original denomination. If in the above example the final result were 
required in cwts. and fractional parts of a cwt. without lbs., the result 
of the first division would have been written 1637^, the result of the 
second division 233-^, and the result of the third 29-^; that is, 
29^ cwt., which is 29 cwt. and the 112th part of 27 cwt. ; this 112th 
part being, of course, 27 lb. 



REDUCTION. 51 

37810 
4 



30^x4 11)151240 

121 = 11x11 

11) 13749. ..1 



Quotient 1 ^ 4 9 . . . 2 7|> one^fourth of the rem. 

In the first of these operations, 37810 yards are redaced 
to poles or perches; in the second, 37810 square yards are 
reduced to square poles or square perches. The first result is 
6874 per. 3 yds.; the second is 1249 sq. per. 27f sq. yds. 
You divide the remainder by 2, in the first case, because that 
remainder is halves, and by 4, in the second case, because it 
is quarters or fourths. 

Exercises. 

1. Reduce 26493 Earthings to pounds. 

2. Reduce 397024 yards to miles, furlongs, perches, and 

yards. 

3. How many hours are there in 28635 seconds ? 

4. How many pounds of silver are there in 12875 grains ? 

5. Reduce 176432 lb. to tons. 

6. How many yards are there in 24631 nails? 

7. Reduce 42657 square poles to acres. 

8. How many square yards are there in 27568 square inches? 

9. Reduce 100000 pints to gallons. 

10. How many degrees and minutes of a circular arc are 

there in 132530 seconds? 

11. How many cubic yards are there in 100000 cubic inches ? 

12. It is related by Josephus, that the battering-ram em- 

ployed by Titus against the walls of Jerusalem weighed 
100000 lb. : how many tons did it weigh? 

13. If an omnibus carry, on the average, 1000 persons 

weekly at the rate of ScL each, what are the gross 
receipts for a year ? 

14. If all the letters which passed through the Post Office 

during the week ending Feb. 21, 1851, had only penny 
stamps on them, what was the cost of the stamps? 
(See Ex. 16, p. 19.) 

15. If a steam- vessel sail across the Atlantic Ocean, a dis- 

tance of about 3000 miles, at the average rate of 9^ 

D 2 
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miles an hour, in how many days will she perform the 
voyage ? 

16. The distance of Plymouth from Adelaide in Australia is 

estimated at 9080 miles : in how many da3rB would the 
voyage be performed in a. steamer sailing at the 
average rate of 9^ miles an hour ? 

17. The iron railing round St. Paul's Cathedral weighs 

448081 lb. : how many tons does it weigh? 

1 8. The duty paid on advertisements in English and Scotch 

newspapers is Is. 6d. each: how much was paid for 
advertisement-duty on all the English newspapers in 
the year ending Jan. 5, 1851 ? (See Ex. 14, page 9.) 

19. In quick marching, soldiers take 108 steps a minute, 

each step being about 2 feet 8 inches : at this rate, how 
long would a regiment be in marching from London to 
Richmond, a distance of 10 miles? 

20. An imperial gallon of distilled water weighs 10 lb. avoir- 

dupois : how many tons of water would the great vat 
mentioned in Ex. 18, p. 47, hold ? (See foot-note^ p. 42.) 

21. A cubic foot of water weighs very nearly 1000 ounces 

avoirdupois: how many cubic yards are there in the 
vessel referred to in the last Exercise? 

22. In how many days could the above-mentioned vessel be 

emptied by a tap which discharges half a gallon in a 
second ? 

23. What is called a ship-load of coals weighs 949760 lb. ; 

a sack weighs 2 cwt. : how many sacks are there in a 
sbip-load ? 

24. The number of Electric Telegraph stations now open 

(Jan. 1, 1852) is 226; of these, constant attendance, 
day and night, is given at about 70 : all are in con- 
nection with tde central station at Lothbury, in Lon- 
, don. The length of lines of communication already 
completed is upwards of 2500 miles : you can send a 
short message, for any distance not above 100 miles, 
for 2«. 6d.^ which message will be forwarded by other 
means to the house of the person you send to: what 
would it cost, for the use of the telegraph, to send a 
message from one end of England to the other, a 
distance of about 642400 yards,* and to receive an 

* The raihoay distance would, of conrsey be more than this, as the 
lines do not run directly north and south. 

It may interest the learner to be here informed, that the electric wire 
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answer back, which yon might do in a few minutes: 
you will observe, that 2s. 6d. is to be paid for any 
distance not exceeding 100 miles?* 



(38.) Addition op Compound Quantities. 

Rule 1* Place the quantities to be added together under 
one another, so as that all in the same column may be of the 
same denomination. 

2. Add up the first column on the right, that is, the 
column in which the quantities of lowest denomination are 
pladed; find how many quantities of the next denomination 
are contained in the sum : put what is over under the column, 
and carry the quotient to the next column. Proceed in this 
way, from column to column, till all have been added up. 

1. Suppose, for example, you had to find 
the total amount of the following bills: 
namely. Baker's bill, £31 I7s. 4^^. ; But- 
cher's bill, £27 13*. Sd.; Grocer's bill, 
£19 0*. 6frf. ; Tailors bill, £21 7*. ; Shoe- 
maker's bill', £11 2s. 9d.; Washerwoman's 
bill, £8 les. S^d. ; Bookseller's bill, 
£7 13*. 8^.; and Stationer's bill, 17*. 6^</. 
Then, arranging these sums, as in the mar- 
gin, putting pounds under pounds, shillings 
under shillings, pence under pence, and 
farthings under farthings, you would begin 
with the column of &rthings, and say, 2 and 

has been extended nnder the sea, from Dover to Calais ; it is embedded 
in a thick cable, and sunk across the Channel. Occorrences that take 
place at Paris, 160 miles from Calais, at 7 or 8 o'clock in the evening, 
are now fully described in print in the Xx)ndon newspapers by 7 o'clock 
the following morning. Electricity brings the news to London, delivers 
it in symbols^ which require to be translated into common words ; the 
translation is carried in the ordinary way to the printing-office, the com- 
positors set up the type, the pressmen work off the printed sheets, and 
have thousandB of them ready for the public by 7 o'clock in the morn- 
ing ! We owe this wonderful facility to the genius and industry of 
Professor Wheatstone, of Xx)ndon. The velocity of the electric current 
is calculated by this gentleman to be at the rate of at least 288000 miles 
a second ; so that it would travel completely round the world in about 
the twelfth of a second ! 

* '* The most wonderful application of electricity to the purposes of 
life, is the facility it affords to persons separated by hundreds of miles to 
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2 are 4, and 3 are 7, and 2 are 9 ; 9 &rthing8 contain 2 
pence, and 1 farthing oyer; therefore, yon put down the 1 
&rthing, and carry the 2 pence to the column of pence. 2 and 
6 are 8, and 8 are 16, and 3 are 19, and 9 are 28, and 6 are 
34, and 8 are 42, and 4 are 46 ; and since 40 pence make 
3s. and 4d., 46 pence are Ss. and lOd.: 10 and carry 3. 

3 and 7 are 10, and 3 are 13, and 6 are 19, and 2 are 21, 
and 7 are 28, and 3 are 31, and 7 are 38 ; then, proceeding 
doumtoardsy- you point to the several ones in the shillings 
column, on the left, each 1 standing for ten^ and say, 48, 58, 
68, 78, 88 ; so that this column amounts to 88 shillings ; and 
since 80 shillings make £4, you put down the 8 shillings, 
and carry 4 to the column of pounds, the sum of which is 
128 ; so that the total amount of all the hills is £128 8«. \Q\d. 

The work of examples in compound addition is all so 
similar to this, that you cannot require any further explana- 
tion to prepare you for the following Exercises, which are 
chiefly intended to give you practice in the tahles. 





Exercises* 






Money, 




£. 8> d. 


£, s, d* 


£. s, d. 


1. 13 11 2f 


2. 142 18 


3. 873 10 41 


17 4| 


26 9 7i 


327 13 9| 


16 3 


14 17 3| 


46 17 2 


2 5 8: 


273 8i 


92 8 lOf 


1 17 5, 


97 4 0| 


174 16 7i 


3 


12 19 111 


37 9 


7f 


1 6 5| 


18 15 8f 




Time. 




d, h, IN. 


d, h» III* 


d» h, ffl. 8» 


4. 16 13 17 


.5. 23 19 11 


6. 121 14 3 16 


9 2 13 


18 6 7 


12 9 14 27 


12 17 3 


15 17 24 


93 21 36 41 


41 9 7 


38 11 11 


18 19 17 16 


16 21 42 


24 23 55 


237 12 10 


3 15 57 


19 13 46 


23 2 39 





hold instant commanication, by night or by day, giving them the power , 
as it were, to annihilate space, enabling them to consult, admonish, in- 
form, condole with each other, as if they were in the same room ; and, 
having ended their conversation, to tarn aside, and one to find himself in 
London and the other in Edinburgh." — (Sir W. Snow Harris's ''Ru- 
dimentary Electricity/' page 191.) 
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Avoirdupois, 

IS. oz. dr. cuft. qr. lb. cwi. qr. lb. oz. 

7. 10 14 11 8. 5 3 17 9. 23 13 14 

17 11 9 17 1 19 14 2 16 13 

21 13 14 . 32 2 27 45 1 23 11 

618 111 93 27 8 

12 9 15 14 14 19 1 15 



Troy, 

oz. dwt. gr. oz, dwi. gr, lb. oz. diet gr. 

10. 7 13 18 11. 9 12 19 12. 13 4 14 20 

5 16 12 10 17 17 6 17 2 

11 19 4 21 3 9 20 1 

8 10 23 8 13 21 25 11 3 23 

10 20 7 12 16 1 12 18 



Apothecaries, 

dr. scr. gr. oz, dr. scr, lb. oz, dr. scr. gr, 

13. 2 15 14. 10 6 1 15. 9 11 2 1 14 

71 19 572 79725 

8 17 11 10 3 18 

621 711 1771 19 

41 16 310 13 8601 



Len£^th, 

yds. ft. in. fur. po, yds. ft. m. fiir. po. yds, 

16. 126 19 17. 7 14 3 2 18. 124 3 17 2 

37 11 6 25 5 1 47 6 20 4 

103 2 8 31 4 16 1 1 

46 1 3 19 1 1 230 7 33 5 

234 10 5 13 2 2 6 12 3 



Square Measure, 
ae. roo.per.yds, ae. roo.per.yds. 

19. 127 3 21 13 20. 243 1 18 25 

35 1 17 22 
216 2 23 29 
13 12 17 

1 8 30 
10 3 15 4 

1 1 20 18 
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(39.) Subtraction of Compound Quantities. 

Rule 1. Place the smaller of the two quantities nnder 
the greater, so as that the seyeral parts may he nnder those 
of the same denomination. 

2. Begin with the lowest denomination, and snhtract, if 
the nf^r nnmher he large enough ; if not, increase it hy as 
many as will make (me of the next higher denomination, 
taking care, in this case, to carry 1, after the subtraction, to 
the next number you subtract : and proceed in this way till 
the subtraction is finished. 

For example, let it be required to subtract £173 Xls. 9^d. 
from £241 13*. l\d. 

Placing the quantities, as in the margin, £. 9. d. 

and beginning with the lowest denomination, 241 13 7^ 
you see that you cannot subtract 2 farthings 173 17 9^ 

from 1 ; you therefore increase the 1 farthing 

by 4, because 4 farthings make a penny: £67 15 9f 

you then say, 2 from 5, and 3 remain ; |, — 

and carry 1. 1 and 9 are 10, and, increasing the Id.^ which 
is too small, by 12^., because \2d. make a shilling, yon say, 
10 from 19, and 9 remain; or, it is a trifle easier to say, 10 
from 12, and 2 remain, and 7 are 9: carry 1. 1 and 17 are 
18; 18 from 20, and 2 remain, and 13 are 15: carry 1. 
1 and 3 are 4 ; 4 from 11, and 7 remain : carry 1. 8 from 
14, and 6 remain: carry 1. 2 from 2, and nothing re- 
mains: therefore, the diflerence between the two sums is 
•£67 15*. Q^. 

EssercUes. 



£. 9. d. 


£. 9. d. 


£, 9. d. 


1. 29 11 4^ 


2. 465 7 3 


3. 2852 7f 


13 16 8i 


258 14 6| 


568 9 11^ 



d» h, w, 

4. 26 15 17 

19 19 19 



yds. ft. in. 

7. 125 2 11 

51 1 6 



5. 


d. h. m. 
117 21 43 

49 23 57 


8. 


ydt. ft. in. 
346 1 7 
157 2 10 



d. h. 

6. 14 13 

13 20 


m. 8. 

5 18 
32 46 


per. yds. 
9. 18 5 
6 


ft. in. 
2 1 
1 11 
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10. Lafc.* 42° 23' 19'' N- 11. Lat. 37° U' 7" S. 
Lat 36 49 25 N. Lat. 28 38 18 S. 



- d, h, HI. see, 

12. LoDg. 125° 52' 43" E. 13. 16 21 42 13 

Long. 101 57 56 E. 12 22 58 39 

i. cwt. qr, lb, t. ewi. qr. lb, /. cwt, qr. lb. 

14. 7 14 3 19 15. 15 3 1 2 16. 2 3 1 

3 18 1 27 9 1 3 17 17 26 



m. fvr, per, yd, m. Jur, per, yd, «i. fur. per, yd. 

17. 128 7 13 2 18. 17 2 18 1 19. 240 4 

53 6 37 5 1 7 23 4 138 6 12 5 



ae, roo,per.yd* ce, too, per. yd» ae, roo, per, yd, 

20. 73 1 20 6 21. 24 14 22. 1 2 3 13 

19 2 37 11 17 3 23 31 3 9 28 



oz. dwt. gr, Ibm oz, dwt. gr, lb, oz, dwt, gr, 

23, 13 18 5 24. 9 5 12 12 25. 14 1 3 18 

2 19 23 7 11 17 20 9 16 5 



e, yds. ft, in. . e, yds. ft. in. e, yds. ft, in, 

26. 146 26 271 27. 117 18 110 28. 700 

107 26 302 53 24 247 384 22 181 



sq, yds. ft, in. sq, yds. ft. in. sq. yds, ft. in. 

29. 273 . 3 17 30. 561 7 110 31. 382 4 46 

187 8 129 359 7 132 75 8 107 



yal. qt. pi, gal. qt. pi. gal. qt.pi, 

32. 164 3 33. 3492 1 34. 4306 1 

156 1 1 1783 3 1 3621 2 1 



* Ex. 10, is to find the difference qf latitude of two places on the 
earth, north of the eqnator ; Ex. 11, is to find the difference of latitude 
of two places south of the eqnator ; Ex. 12, is to find the difference of 
longitude of two places east of the meridian of Greenwich. The dif- 
ference of latitude of two places, one north and the other southf is found 
by adding the two latitudes together; and the difference of longitude of 
two places, one east and the other westt is also found by adding the two 
together ; what is called the difference being, in each case, the interval, 
in degrees, minutes, and seconds, between the two places. 

d3 
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bu. pk. gaU qU to. ph. gtU. qt. tu, pJt. gol.qU 

35. 18 2 3 36. 23 1 37. 110 1 2 

17 1 1 3 17 3 I 3 a4 3 1 3 



(40.) Multiplication of Compound Quantities. 

To multiply a compound quantity by any number, the rule 
is as follows : — 

Rule. Place the multiplier under the quantity of lowest 
denomination. Multiply this quantity by it, divide the pro* 
duct by the number of such quantities contained in the next 
denomination, put down the remainder^ and carry the quo- 
tient to the product arising from the next term : and so on to 
the end. 

Note. When the multiplier is greater than 12, and can 
be decomposed into factors, each not greater than 12, use 
these &ctors instead of the composite multiplier, and proceed 
by short multiplication. The table of factors, at the end of 
the book, will be of great assistance in supplying the proper 
factors of all composite numbers up to 10000. 

Ex. 1. Multiply £17 ISs. 4^d. by 7. 

Putting the 7 under the lowest denomina- 
tion<, farthings^ we multiply the 2 farthings 
hj the 7, the product is 14 farthings; this 
divided by 4, the number of farthings in a 
penny, the next denomination, the quotient 
is 3 pence^ and 2 farthings over ; we therefore put down the 
2 fsirthings, namely, ^d.^ and carry 3 : we then multi{^y the 
4 pence by the 7 ; the product is 28, which, with the 3 car- 
ried, make 31 pence; dividing these pence by 12, the num- 
ber of pence in a shilling, the quotient is 2, with 7 pence for 
remainder; so we put down the 7 pence, and carry the 2 
shiQings. Multiplying now the 13*. by the 7, the product is 
91, which, with the 2 carried, make 93 shillings; that is, 
4 pounds 13s. : 13, and carry 4. And, lastly, multiplying 
the £17 by 7, and taking in the £4 carried, we have the 
whole product^ £123 13*. 7id. 



17 


t. 

13 


d. 

7 


£123 


13 


7i 



13 


9. 

9 


d. 
11 


148 


7 


9 


1335 


3 


2i 

7 


£9346 


2 


3| 
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2. Multiply £13 9*. 8|^. by 693. 

By looking at the table at the end of 
the book, we find the multiplier 693 to be 
a composite number, of whidi the factors 
are 11, 9, and 7, we may therefore use 
these factors as multipliers, and proceed by 
short multiplication, as in the margin. 
You cannot require any explanation of the 
work after attending to the operations in 
the example just given, so I leave it for 
you to carefully look over, and thence to 
form your own opinion of the usefulness of 
the table of &ctors in calculations of this kind. 

When, however, yon have to multiply a compound quan- 
tity by a large number, which cannot be decomposed into 
factors suitable for short multiplication, you may seek in the 
table for the number nearest to it that can be so decomposed ; 
employ the factors of this number, and note the result : then, 
multiply the compound quantity by the diffhrenee between 
the given multiplier and that actually used, <idd the result to 
the former result if the multiplier jjised be less than the given 
one, and subtract if it be greater. 

There is another way of proceeding, thus : count the num- 
ber of figures in the multiplier, disregarding the units- figure. 
Multiply the compound quantity by 10, then the product by 
10, and so on, till the number of lO's amount to the same as 
the number of figures counted : this done, multiply the com- 
pound quantity by the units-figure of the given multiplier, 
the first of the above products by the tens-figure, the next 
product by the hundreds-figure, and so on, till all the figures 
of the multiplier have been used: add up all these latter 
products, and the required product will be obtained. The 
work of the following example shows both methods. 

NoTB. — ^You must always bear in mind, that a compound quantity can 
never be multiplied by another compound quantity ; nor by anything but 
a mere number t since multiplication. means the taking a proposed quantity 
a certain number ^f times. You tnust at once see the absurdity of the 
following questions, taken from a recent work on what the author calls 
'< Ariliimetic ;" namely, " Multiply 7 tons by 9 cwt. ;" ** Multiply f of 
a j^ by ^ of a guinea ;" ** Multiply 'f of an acre by f of a rood ;** and so 
on. As Mr. Walker justly observes {Philosophy qf Arithmetic^ p. 58), 
« You might as well be told to multiply 5 lbs. of beef by 3 bars of mu- 
•sic." I shall have occasion to direct your attention more fully to matters 
of this kind hereafter. 
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Ex. Multiply 79. lOf <l. by 7985. 

By the table, 7986 = 11x11x11x6. 



£. 9. d. 

7 lOfxl 
11 


£. 9. d. 
7 10|x5 = 
10* 


£. 9. 

I 19 

31 11 

355 6 


d. 

5f 


4 6 10^ 
11 


3 18 11^x8 = 
10 


8 


47 15 4| ■ 
11 


39 9 7 X9 = 
10 


3 



525 9 4^ 
6 



394 15 10 x7 = 2763 10 10 



3152 16 li 
Sub. 7 10| arising from the multiplier 1, aboye« 



£3152 8 2f 



£3152 8 2| 



I need scarcely tell yon, that examples of this kind may 
always be worked by common reduction; that is, you may 
"reduce the compound quantity to the lowest denomination 
before multiplying, and then convert the product into the 
higher denomination. 

JEa!erci9e9» 



£. 9. 


d. 




£. 9. d. 


1. 32 8 


6ix 5 




6. 19 13 5ix 28 


2. 43 11 


4fx 8 




7. 21 9 lO^x 343 


3. 125 13 


Ox 12 




8. 32 17 Ifx 504 


4. 217 18 


9ixll 




9. 103 11 8ix 891 


5. 734 19 


7fx 9 




10. 379 18 7|xl617 


miles. Jur, 


per. yds. 




miles, fitr. per. yds. 


11. 15 3 


2 4X 


75 


14. 6 27 3x594 


12. 17 7 


5X 


981 


15. 1 5 19 1x605 


13. 23 1 


31 2x256 


16. 27 3 22 4x972 



* In multiplying bj 10, yon merely annex to the number multiplied-; 
80 that when anything below 10 la earrisdr you haye only to annex it to 
the next quantity in the multiplicand. 
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<7ayr, ho. mm, 

17, 19 13 27 X441i 

18. 16« 51^ . 43"x231f 
tons, ewi, gr, lb. 



ae, ro. po, 

20. 13 3 17x511* 
sq.yds, ft. m. 

21. 2 8 123x563* 
oz, dwt. gr. 



19. 14 13 2 11 x243 | 22. 9 17 20x616j 



(41.) Division op Compound Quantities. 

BuLE. Divide the greatest denomination first, pnt dowii 
the quotient; reduce the remainder to the next lower de* 
nomination; carry it, thus reduced, to the term of that 
denomination, in the dividend, and divide as hefore. 

Note 1. When the divisor is a composite number, pro- 
duced by factors, none of which are greater than 12, use 
those iactors, instead of the number itself, and work by short 
division. 

2. When the divisor is a large number which cannot be 
decomposed into suitable &ctors, you may regard the ques* 
tion afi one of simple reduction : roduce the compound quan- 
tity to the lowest denomination in it, and then divide; the 
quotient will be a quantity in that lowest denomination, 
which, by reduction, may then be brought into the higher 
denomination. 

Ex. 1. Divide £34 16*. 8rf. by 24. 

Here the divisor is a composite number, 
formed by the factors 8 and *3. Dividing 
first by the 8, we say, 8 in 34, 4 times and 
2 over : this 2 being pounds^ we reduce it 
to shillings^ carrying the result, 40«., to the 
16, and say, 8 in 56, 7 times; then 8 in 8, 
once. Dividing now by the 3, we say, 3 in 4, once, and 1 
over ; so that 2Q$. is carried to the 7, and we say, 3 in 27, 
9 times; 3 in 1, no times, and 1 over: this Id. being 4 
farthings, we say, 3 in 4, once; so that the quotient is 
£,1 9s. 0\d.y the remainder being neglected, as we have no 
coin below the fiurthing. 

(42.) Now I have a remark to make upon this operation, 
to which you must attend, I have supposed that we have 

"^ See page 59. 



8)34 16 


d. 
8 


3) 4 7 


1 


£1 9 


«i 
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been working the abore example together, and have imagined 
onrselves as sajing, " 8 in 34, 4 times;" " 8 in 56, 7 times;" 
and so on, as arithmeticians would say : but I must tell yon, 
that we have been using incorrect language ; and I am the 
more anxious to draw your attention to this, in order to show 
you how necessary it is in reading books of this kind, and, 
indeed, in reading any book at all, that you should think for 
yourself^ and not receive, without thinking, everything that 
yon may find in a printed book. When you had said, as 
above, " 8 in 34, 4 times," and had put down the 4 ; suppose 
somebody had asked you what that 4 stood for, you would 
have answered, 4 pounds ; and you would have been right : 
but how can 8 be contained in £34, J&4 times f 4 pounds 
times is an expression which has no meaning. You see, there- 
fore, that the form of language employed above is faulty: 
we ought to have said, '^ the eighth part of £34 is £4, and £2 
over ;" '' the eighth part of 56s. is 7s,y' and so on ; or, which 
is the same thing, '^ £34 divided by 8 gives £4 for quotient^ 
and £2, or 40«., for remainder;" ^^ 56s,^ divided by«8, gives 
■7s, for quotient, and no remainder ;" and so on. You thus 
fiee that the only thing that requires correction, in what is 
done above, is the form of words used in describing the 
work ; but, as the result obtained is always correct, as to the 
figures, the £Eiu1ty language, if thought the more convenient, 
may be allowed to pass ; though it is right that you should 
know what the objection to it is, and how it may be cor- 
rected. There is another thing too, to which your notice has 
been already called. You have seen that multiplication is 
a short way of finding the result of addition ; and that it is 
nothing more than this: the multiplier always denotes the 
number of things, each equal to the multiplicand, that are to 
be added together, and the product gives their sum: the 
multiplier, therefore, can never be a commodity^ as a. sum of 
money, or a weight of goods ; nor yet any measure of length 
or space; it is simply what is ctdled an abstract number^ 
denoting how many repetitions or times some other abstract 
number, or concrete quantity, is to be taken.* 

* Among those who have advanced farther into the practical applica- 
tion of arithmetic, there may be some who may think that this view of 
multiplication is in opposition to what gdes by that name in books on 
mensaration, surveying, &c., where feet are apparetitly multiplied by 
feet, yards by yards, &c. The fact is, however, that although concrete 
quantities are in such subjects said to be^ multiplied together, the phrase* 
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Now, just as multiplication is an abridgment of addition, 
so it has been said that division is an abridgment of repeated 
sabtraction ; so it is : but it is also more than this : we could 
not have any operation in multiplication which could, not be 
performed by addition, though there are plenty of operations 
in division which could not be performed by subtraction: 
how, for instance, could the example worked above be done 
by subtraction ? A sum of money, which is a concrete quan- 
tity, a real commodity, is to be divided by 24, an abstract 
number, not 24 things; it would be nonsense to speak of 
taking an abstract number from a concrete quantity, — ^from 
real substantial things : when we divide a concrete quantity 
by 24, we merely seek that smaller concrete quantity which 
is the 24th part of the greater; or that smaller quantity, 
which repeated 24 times, makes up the greater. Division of 
a concrete quantity replaces subtraction, only when the 
divisor is a concrete quantity of the same kind also. A sum 
of money may, for instance, be divided by a smaller sum of 

cloggy is adopted solely for brevity, and to enable writers on those topics 
to express the rules of operation in a form easy of recollection, and free 
from that prolixity of language which the strictly correct form of ex- 
pression would seem to require. All that is meant is, that we are to 
proceed in applying the rules of mensuration, &c., as if feet could be 
multiplied by feet, yards by yards, 8tc,, or as if, instead of these concrete 
quantities, Uiey were merely abstract numbers. The direction for finding 
the surface of a rectangle is briefly expressed by saying, ** multiply the 
length by the breadth, the product will be the area in square feet. Sec,** 
The meaning is, that we are to multiply these measures together as \f 
they were not measures, but abstract numbers ; and then to consider the 
product 09 i^ it were not an abstract number, but so many square feet, 
&c. ; this is all that is to be understood by the expression '* feet multi- 
plied by feet produces square feet ;'* and the same of all expressions of a 
like kind. Strange to say, however, there are books on arithmetic, — and 
books, too, of very recent date, — ^the audiors of which, teaching, the 
subject as they themselves have learnt it, that is, merely as a sort of 
mechanical jugglery with the nine digits — I say, there are modern books 
on arithmetic, the authors of which, finding the expression ** feet multi- 
plied by feet " tolerated, proceed to induct their deluded pupils into the 
mystery of multiplying cwts. by tons, money by money, and so on ! 
What meaning they attach to their results no one knows; indeed, 
meaning, or any accounting for their processes by an appeal to reason or 
common sense, is what never enters the heads of these writers ; they 
would, no doubt, just as readily multiply a house by a bouse, or one 
man's name by another's. There is perhaps no class of educational 
books which has done so much injuiry to the youthful mind as books on 
arithmetic. What a benefit would it be to the young if about five- 
sixths of existing works on arithmetic were collected in one vast pile, 
and burnt in Smitbfield for scientifio heterodoxy ! 
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money : in this kind of dinsion, we merely seek how many 
time$ the smaller sum is contained in the greater ; the quo- 
tient must evidently, therefore, be an abstract number. It is 
only when diyidend and divisor are of the same kind, both 
concrete quantities of one sort, or both abstract numbers, that 
the operation of division can replace that of successive sub- 
traction. 

(43.) I have directed your attention to these particulars, 
in order that you may clearly see the true character of your 
operations in the multiplication and division of compound 
quantities, and to impress upon you, that a multiplier ia 
sdways an abstract numbery while a divisor may be either an 
abstract number, or a concrete quantity of the same kind 09 
the dividend; and, moreover, to prepare you for the rule for 
division in this latter case : this rule is as follows :--* 

(44.) To divide a Compound Quantity by Another of the 

Same Kind. 

Rule. Reduce the two quantities to the lowest denomina- 
tion to be found in either^ and then perform the division : the 
quotient will express the number of times the smaller quan-. • 
tity is contained in the greater. 

Ex. Divide £18 5s, by £2 7s. Sd. 

Here the lowest denomination 
is pence j we have, therefore, to 
reduce both dividend and divisor 
to this denomination, and then 
to divide the pence contained in 
the dividend by the pence con- 
tained in the divisor, as in the 
margin. We thus find that the 
smaller sum is contained In the 
greater 7 times and a part of a 
time, expressed by the fraction 
{^ which part is the 572nd 
part of the number 376. If the sum to be divided were 
diminished by 376 pence, then the other sum would be con- 
tained in it exactly 7 times. 

Exercises*in both Rules. 



£. s. d. 


£. *. 


2 7 8 


18 5 


20 


20 



47 
12 


365 
12 


572 


) 4380(7|f| 
4004 




376 rem. 



1. £148 les. 4^.-7- 8 

2. 237 13 5-4-14 

3. 562 18 6^-7- 35 



4. £106 19*. 3W.-5- 72 

5. 780 12 94 -=-168 

6. 837 13 5| -r273 
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9. 128^ 45' 52"-=- 125 
10. 315 d. 17 h. 38m.-T-112 



7. 14cwt. Iqr. 9 lb. -=-18 

8. 823m. 7 fur. 21po.-t-ll 

11. 1784 ac. 3 roc. 32 per. -f- 105. 

12. £15 16s. 9d. -=- £2 13*. 5d. 

13. £89 11*. 7id. -r- £7 3*. 4{d. 
li. £126 7*. -f- £34 18*. l^d. 

15. £321 17*. 3|<^. -f- £47 6*. 9frf. 

16. 73cwt. 3qr. 13 lb. -=- 5cwt. Iqr. 14 lb. 

17. 78 d. 18 h. 49iD. ^5d. Ih. 2 m. 

18. 79° 13' 46" -f- 13° 5' 18" 

19. 2 tons 13cwt. 51b. -f-3qr. 17 lb. 

20. The mint price of standard gold Is £3 17*. 10^^. an 

ounce : what is the value of 1 lb. ? 
21.* The amonnt of money expended for the maintenance 
of the poor among the 607 Unions of England and 
Wales for the year ending at Michaelmas, 1851, was 
£3288192: how much, on the average, was expended 
by each Union ? 

22. A fruiterer offers a market-woman 120 oranges at 3 a 
«. penny, and 120 of a better sort at 2 a penny, and 

refuses to take any less ; the woman offers to purchase 
the whole at 5 for 2d,; and the man, thinking that 
this is the same thing, lets her have them : how much 
did the woman save by this arrangement ? 

23. The building of the now Royal Exchange in London cost 

£400000; and after it was opened by the Queen on 
Monday, the 28th of October, 1844, the public were 
admitted to it for three days, when a subscription 
was made for the widows of four men killed during 
the progress of the works : the money received was as 
follows : 4 sovereigns, 1 half-sovereign, 1 crown piece, 
88 half-crowns, 992 shillings, 842 sixpences, 142 four- 
penny pieces, 5 threepenny pieces, 665 pence, 667 half- 
pence, and 25 farthings : what was the total amount, 
and what was each widow's share ? 

24. If a dozen teaspoons weigh 9oz. 18dwt. 20 gr., what is 

the weight of each spoon ? 

25. Although a sovereign, when quite new, weighs very 

* These questions are of a misceUaneons kind ; some of them require 
only the rules for reduction. This mixed character is intentionally given 
to ^em, that the learner may be accustomed to work examples without 
requiring to know what rule they come under. 
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I nearly 123:|^ grains, yet there are only 113 grains of 
pnre gold in it, the rest is called alloy^ and is either of 
pure copper, or a compound of silver and copper:* for 

» how many sovereigns was there gold sufficient in the 
312500 ounces supposed to have been collected in 
California during the year 1850 ? 

26. Find the value of the mass of gold in last Example, at 

the rate of only £3 17«. lO^d, an ounce. Note. 
312500 = 10x10x5x5x5x5x5: see table of 
factors at the end. 

27. If 64 lb. of tea, at 4«. 8^. a pound, be mixed with 42 lb. 

at 4«. 4ef. a pound, what per lb. will be the price of the 
mixture ? 

28. How much would the money which the Royal Exchange 

cost weigh in sovereigns^ at 123 grains each;t and 
how many times as high as the Monument (202 feet) 
would they reach, if piled one on another, allowing a 
pile of 16 to reach an inch, which is about the case ? % 

29. A bankrupt owes his creditors £2831, and proposes to 

pay them 13«. 2^^. in the pound: how much money 
must he have to do this ? 

30. What is the difference in the weight of 100000 sove- 

reigns and 100000 guineas; the weight of a sovereign 
being 123^ grains, and the weight of a guinea 129^ 
grains? / 

31. From the 3l8t of December, 1829, to the 15th of Fe- 

bruary, 1831, there were coined at the Mint 2387881 
sovereigns: what was the weight of these, and what 
weight of pure gold was used in the coinage ? § (See 
Ex. 25.) 

* The pound troy, of sterling gold, contains 11 02. of pure gold, and 
1 OS. of alloy ; it is coined into 46f§ sovereigns. 

t That is, supposing each sovereign bad lost, on the average, a quarter 
of a grain by use. . It may be here mentioned, that gold coins are allowed 
to pass under the mint weight, in consideration of the effects of wear. A 
sovereign weighing 122f grains, is considered a legal tender ; but not if 
it be below this weight. 

X Of sovereigns much worn by use, about 17 would be required to 
make an inch : of new sovereigns, 16 would do. 

§ In expressing the weight of gold, it is not usual to employ higher 
denominations than pounds; when cwts. and qrs. are mentioned in troy 
weight, cwt. means 100 lb., and qr. means 26 lb. 
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(45.) I AM now about to explain to you one of the most 
important parts of arithmetic, — ^the arithmetic of fraetiont. 
Learners generally consider it to be the most difficult part ; 
but I am sure that if you carefully attend to the explana- 
tions to be given, you will find the arithmetic of fractions to 
be quite as easy as the arithmetic of integers* I have been 
obliged to mention the term fractions already, and to say a 
little about them; for you see they will force themselves 
upon our notice at a very early stage of arithmetic. I am 
now to speak of them more at length, and mu6t begin by 
defining a fraction ; that is, by telling you what a fraction 
r^dly is. 

A fraction, strictly speaking, means a part of unit^ or 1 ; 
-thus, one^kalf two^thirds^ thre&-fourth^ &c., are frac^ons ; 
they are represented by the figures of arithmetic, in the fol- 
lowing way, namely, ^, f, f , &c. • These are so many 
examples of the notation of fractions ; the number below the 
short line is always called the denominator^ and the number 
above it the nuvnerator ; because the lower number always 
makes known to us the denomination of the parts, as to 
whether they are halves, or thirds, or fourths, &c., and the 
upper number tells us how many of those parts are meant ; 
that is, it enumerates them. If therefore a fraction such as 
f were presented to you, you would at once know what was 
meant by it. Looking at the numerator, yon would see that 
5 parts were represented, and looking at the denominator to 
learn what those parts were, you would see that they were 
sevenths ; you would thus know that the fraction, translated 
into words, ia five- sevenths ; that is, if unit, or 1, were cut 
up into seven equal parts, five of those parts are represented 

You must see that it is very convenient to have a notation 
for parts of a unit as well as for whole units or integers/ 
and from what has already been said, you also see that, in 
strictness, a fraction is always something less than 1. But 
this strictness is departed from ; the term fraction is extended 
to quantities ^r^a^^r than 1 : thus, |^, f , y, &c., are all called 
fractions, though each is greater than 1. The first stands for 
seven-fifths, the second for eight-thirds, tlie third for eleven^ 
fourths, and so on. The meaning of the first is, that if 1 be 
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cut up into Jive equal parts, seven of stick parts, that is seven 
times one of those parts, are to be taken ; the meaning of the 
second is, that if 1 be divided into three equal parts, eight 
times one of those parts is to be taken ; and the third fraction 
means, that if 1 be divided into four equal parts, eleven times 
one of them is to be taken. Fractions such as these, where 
each denotes a quantity greater than units, are called tm- 
proper fractions^ — the prefix improper reminding us that the 
strict meaning of the word fmction is departed from, a 
proper fraction always having the numerator less than the 
denominator. Even when the numerator is equal to the de- 
nominator, the thing is still called a fraction, — ^an improper 
fraction, of course ; thus, f, -I, -f , &c., are all called fractions, 
though in fact each is only a peculiar manner of writing down 
unit, or 1, since three-thirds, four- fourths, &c., each make one 
whole. There is thus no restriction upon fractional notation ; 
you may write any number yon please fQr numerator, and. 
any number you please for denominator, and what you pufe 
down will be entitled to be called 21, fraction. 

(46.) I think from what has now been said, you will see 
that fractions are a good deal like those quantities with which 
you have been occupied in the preceding articles, where both 
the number and the d€nom.ination of the things dealt with 
are to be considered, the chief difference being merely in the 
notation. When the things dealt with were pounds, in 
money, the denomination was expressed by the mark, or 
symbol, £^ written against the numher of pounds ; when the 
denomination was ounces, the symbol oz. was employed in 
the same way ; and so on. In like manner in fractions, both 
number and denomination have to be expressed ; but here a 
different notation is used,— -«the numher of the things being 
written ahove^ and their denomination below a short line of 
separation ; so that when you are &miliar with the notation, 
you ought to find no more difficulty in the arithmetic of /ra(v> 
tions than in the arithmetic of whole quantities of different 
denominations. 

(47.) You have already been told (p. 28), that this notation 
for fractions is also the notation for division ; so that f ought 
to mean not only two-thirds of unit, or 1, but also 2 divided 
by 3 ; and that f should express, indifferently, either three^ 
fourths^ or 3 divided hy 4; and so on. And it is pretty 
plain that such is really the case ; for two-thirds^ or the third 
part of 1 taken twice, is obviously the same as the third part 
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of 2 taken once ; tbat is, 2 divided by 3 : also, that three- 
fourths^ or the fourth part of 1 taken 3 timei^ is the same as 
the fourth part of 3 taken once; that is, 3 divided by 4, and 
so on. Consequently, whenever you see a fraction, as -f, -I, 
&c., yon may read it either Jipe-sepenths^ nine^fourths^ &c., 
or 5 divided hy 1^ 9 divided by 4, &c. Suppose, for instance, 
you had f (that is, three-fourths) of 1 shilling^ or 12 pence; 
then, since one fourth is Zd.^ three fourths would be 9(/., 
which you see is one fourth of 3»., or of 36 pence ; that is, 
36 pence divided by 4 gives dd. Again, \ (that is, nine^ 
fourths) of a shilling is 9 times one-fourth, or 9 times 3^., 
which is 27^., and 9«., or 108 pence, divided by 4, is also 
21 d, ; and similarly in all cases : and it is of importance that 
you keep this fia,ct always in remembrance. 

(48.) Before proceeding to the arithmetic of fractions, I 
have only further to add, that 

1. A whole number, that is an integer^ may be written in 
the form of a fraction, by merely putting under it 1 for 
denominator ; thus, 3 may be written \ ; 7 may be written -f, 
and so on. And that any number may be written for deno- 
minator, provided only the product of that number and the 
proposed one be written for numerator ; thus, if we wish to 
write 3 in a fractional form, with 5 for denominator, we must 
write 3x5, or 15, for numerator, the fraction being y, 
which is, of course, the same as 3. In like manner, 7=^9 
or =. V) ^^ == V) ^^* ^^^ numerator and denominator of 
any fraction are called the terms of the fraction. 
, 2. A number consisting of two parts, one whole and the 
other fraci^onal^ is called a mixed number : thus, 2^, 3f, 
22-3^, &c. are all mixed numbers. Such mixed numbers may 
always be reduced to improper Actions ; and, on the other 
hand, an improper fraction may always be reduced to a 
mixed number. It will be as well to commence the subject 
by showing how these reductions are to be made. 

(49.) To reduce a Mixed Jf umber to an Improper Fraction, 

Rule. Multiply the whole number by the denominator of 
the fraction connected with it Add the product to the nu- 
merator, and write the denominator of the fraction underneath, 
with the short line of separation between, and you will have 
the improper fraction required. 

Thus, if 3f be the mixed number, consisting of the integer 
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3 and the fraction -f, we should say, 3 times 7 are 21, which 
added to the numerator 5 make 26, which is therefore the 
numerator of the equivalent improper fraction, the deno- 
minator being the same as that in the given fraction : there- 
fore 3f=V- In like manner, 4f=:V; 161= V» 13V = 
^-|^ ; and so on. And this merely amounts to writing the 
given whole number in a fractional form with the given 
denominator for its denominator; thus, taking the last in- 
stance above, namely 13y, the 13 is the same as 9 times 13 
divided by 9 ; that is, 13=^^' ; therefore 13 and y, or, as 
it is written, 13V = ^-|®. The reason of the rule is tiius 
evident. 

(50.) To reduce an Improper Fraction to a Mixed Number. 

Rule. Actually perform the division denoted by the 
fraction, and to the quotient annex the remainder with 
the divisor underneath; that is, complete the quotient by 
adding the fractional correction. Thus, performing the di- 
vision implied in y, the integral part of the quotient is 3, 
with 5 for remainder ; so that the fractional part of the 
quotient is j- : therefore the complete quotient is the mixed 
number 3f . 

These two rules are so easy and obvious, that hut a very 
few exercises in them need be given. 

Exercises, 

1. Reduce 7|- to an improper fraction. 

2. Reduce 17f to an improper fraction. 

3. Reduce \^ to a mixed number. 

4. Reduce »^' to a mixed nUYnber. 

5. Reduce 238-|-f- to an improper fraction. 

6. Reduce *-}-|i* to a mixed number. 

7. Reduce 201 6f|^ to an improper fraction. 

8. Reduce ^|^^ to a mixed number. 



(51.) To reduce Fractions with Different Denominators to 
others with Equal Denominators. 

This reduction is called the reduction of fractions to a 
common denominator : it is a change necessary to be made 
in fractions of dijferent denominators, before they can hie 
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either added together, or subtracted one from another. Yoa 
will be prepared to expect this ; for you know that things of 
one denomination cannot be added to or subtracted from 
things of a different denomination, till they are prepai^d in 
this way : shillings and pence, or cwts. and lbs., cannot be 
united together in one result, without distinction of deno- 
mination, unless the differing denominations be first changed 
to common denominations, that is, to denominations the same 
in, or common to, both. In like manner, \ cannot be either 
added to or subtracted from -|, till the fractions are changed 
into others, equal to them in yalue, and of a common deno- 
minator; since thirds and fifths^ being different denomina- 
tions, cannot be united together in a single denomination. 
The desired change may always be effected by aid of the 
following principle ; namely. If both terms of a fraction be 
multiplied by any number^ the two products may be put for 
the terms themselves ; and this is only saying, that we may 
multiply a dividend and its divisor by any number we please, 
without altering the quotient : and it is plain, that the quo- 
tient of a dividend by its divisor, is the same as the quotient 
of twice the dividend by twice the divisor ; three times the 
dividend by three times the divisor ; and so on, for any num- 
ber of times : if, for instance, a sum of money is to be divided 
among a certain number of people, the share of each must be 
the same as if ttcice the sum were to be divided among twice 
the number of people, or as if 8 times the sum were to be 
divided among 8 times the number; 10 times the sum among 
10 times the number; and so on. The liberty thus given to 
ns, to multiply the terms of a fraction by any number we 
please, enables us to change those fractions having different 
denominators into others, equal to them in value, but with 
the same denominators, by the following rule : — 

(52.) Rule 1. Multiply the numerator of each fraction 
by the product of the denominators of all the other fractions : 
the several results will be the several numerators of the 
changed fractions. 

2. Multiply all the denominators together: the product 
will be the denominator common to all. 

Thus, to change the fractions ^ -f, ^^ into others of the 
same value, and with a denominator common to all, we mul- 
tiply the numerator 1, of the first, by 45, the product of the 
denominators .5 and 9 of the other fractions ; we then mul- 
tiply the numerator 3, of the next fraction, by 18, the product 



72 



ARITHMETIC. 



of the denominators 2 and 9 of the other fractions; and, 
lastly, we multiply the numerator 7, of the next fraction, by 
10, the product of the denominators 2 and 5 of the other 
fractions : we thus get for the numercUors of the new frac- 
tions, 45, 54, and 70; and for the common denominator^ 
2x5x9 = 90. Hence the proposed fractions, \y -|, ^, are, 
respectiyely, equal to -f^, -|^, -|^ : for these are no other than 
the former fractions, after numerator and denominator of each 
are both multiplied by the sam^ number : both terms of the 
first fraction, -j^, are multiplied by 45; both terms of the 
second, |-, by 18 ; and both terms of the third, ^ by 10. 
And similarly, in all cases, by following the directions of the 
rule, we multiply the terms of ecush fraction by the product 
of the denominators of all the other fractions ; so that though 
the fi'actions are changed in appearance^ they remain un- 
changed in ^(dtM. 

Exercises. 

Reduce the following fractions to others of equal values, 
haying a common denominator. 

i 

\ 
J. 

X 

9 

B_ 
8 
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*. 


2. 


i, 
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3. 
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9. 
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12. 


i." 


!> 


h 



(53.) You see, from these examples, that the rule just given 
will always enable you to convert a set of fractions, with dif- 
ferent denominators, into another set equal to them in value, 
with the same denominators. Any rule would do that would 
always supply us with a set of multipliers, for the terms of 
the several fractions, such that the products derived from the 
denominators should be all alike: the smaller such suitable 
multipliers are, the neater and simpler will be the changed 
forms ; and such smaller multipliers often suggest themselves, 
by merely passing the eye along the row of denominators; 
for instance, if the original fractions were -|> -I, -f, you would 
see in a moment, that the denominators would give equal 
products if the first were multiplied by 4, the second by 2, 
and the third left as it is, without any multiplication at all : 
therefore, midtiplying both terms of the first fraction by 4, 
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both tenns of the second by 2, and leaving the third un- 
touched, we have the changed forms, 1^ f, |^: — three fractions 
equivalent to the original ones, and all of the same denomina- 
tion — eighths. By the ride^ the given fractions would have 
been changed into -||, ff , |^, which are less simple in ap- 
pearance than the other set, though the same in value : the 
former would be converted into these by multipl3ring both 
terms of each by 8. You thus perceive, that before applying 
the general rule to a set of fractions, it will always be pru- 
dent to look a little at the row of denominators, and try to 
find out, whether smaller multipliers than those which the rule 
would give you cannot be discovered: the smallest possible 
always can be discovered by a mode of proceeding which I 
will show .you presently: but the fewer the rules you depend 
upon the better; a little thought and attention will often 
supply their place. I shall therefore give you a few fractions 
to be reduced to a common denominator, without appealing 
to the rule ; first, however, noticing that, as the terms of a 
fraction may be multiplied by any number, so they may be 
divided by any number, whenever such division is possible : 
thus, \ is reducible to \; -^ to \; and so on, as is plain, 
because by multiplying both terms, we know that -J- = 1^ 
-f- = -^ &c. It would be considered as an arithmetical 
fault in a person, who pretended to a knowledge of fractions, 
to leave a fraction at the close of his work, of which the 
numerator and denominator have an obvious common divisor. 
Be careful to avoid this fault : never allow your work to end 
with such a form as -^ or -^ or \^ &c., where the sim** 
plifying divisors are obvious : the final forms in which these 
fmctions should be put, are -f, |^, and -|, which are iucapable 
of further simplification. In the fractions which form part of 
the complete quotients, in the exercises on Division (p. 35), 
iustances occur, where what would now seem an obvious 
simplification, is neglected; but you could not be supposed 
to know then^ that the terms of a fraction might be divided 
by a number without changing its value. 

It may he of use to you to know and to remember, that a number i& 
divisible hy 2, if its last figure be either an even number or ; that it is 
divisible by 3, if the sum of its digits (or figures) be divisible by 3 ; by 4, 
if the number expressed by its last two figures be divisible by 4 ; by 8, 
if the number denoted by its last three figures be divisible by 8 ; by 5, if 
its last figure be either 5 or ; and by 9, if the sum of its digits be 
divisible by 9. 

E 
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In the exercises below you will have to attend to tteo 
things : Jint^ to see whether any indiyidnal fraction can be 
readily changed for another of lotoer terrM ; if it can, to 
make the change at once : wcond^ to seek the smallest mul- 
tipliers for reducing each set of fractions to others with a 
common denominator.* 

(54.) To giye yon some gnidanoe in this seardi, I will show yoa how 
to proceed with Example 21, below. Yon observe here, that the deno- 
minaton 4 and 6> of the first and third firactions, hare a common &ctor, 
2 ; the one denominator being 2x2, and the other 3x2. Now these 
denominators will become equal if the factor 3 be introduced into the 
firtt, and the factor 2 into the second ; for then each will be composed of 
the same fisctors, 2, 2, and 3 ; therefore, multiplying the terms of the 
first fraction by 3, and the terms of the second by 2, the fractions be- 
come y^, •^; the other two fractions are •^, •^. The only differing 
denommators are now 12 and 10 ; these have a common factor, 2 ; for 
they are 6x2, and 5x2; they are therefore made equal by multiplying 
the first by 5, and the second by 6. Hence, as before, using these mul- 
tipliers for thie fractions last deduced, they become ^, ^, ^ ^. 
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24. 


3*. 


*, 


A. 


A 



The reduction of fractions to others with a common deno- 
minator, besides being a needful preparation for adding and 
subtracting, is often also necessary to enable us to see which 
of two fractions is the greater : thus, <f and -^ differ so little, 
that till you find, by multipljdng each numerator by the 
denominator of the other fraction, that 2x11 exceeds 3x7, 
you would not know that the first is the greater. 



(55.) Addition op Fractions. 

Rule. Reduce the fractions to others having a common 
denominator. Add the numerators of the latter together, 

* I need scarcely say, that when fractions are changed to others with 
equal denominators, it is not possible to preserve this equality, and at the 
same time to express each fraction in its lowest terms : as the terms of 
one or more of the given fractions haye'to be multiplied by some number 
to bring about the equality of the denominators, both objects cannot, of 
course, be accomplished. 
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and under tlie result write the conunou denominator; the 
fraction thus formed will be the sum of those proposed. 

If any mixed numbers are to be added, the fractional 
portions onlj of such numbers are to be added bj the pre- 
ceding rule, and the sum of the Integral parts to be added 
afterwards. 

NoTB. Those fractions, of which the denominators hare a 
fjEictor in common, you will find it much more convenient to 
add two at a time, as in the examples 2, 3, and 4, below. 

Ex. 1. Add together the fractions f, -J, and -f. 

These reduced to a common denominator are |-|, |^, and |^ ; 

and 1^+1*+**= W = 2iii t^© sum. 

2. Required the sum of 2f , If, and 3^. 

Here, taking the fractions only, we see at once that the 
first and third are -^ and -j^, 4^he sum of which is -^=11 ; 
therefore, taking in the second fraction, we haye i-+-}-=i^+ 
•Yi=-\k 5 *°<^ 8^°ce the sum of the whole numbers is 2 + 1 + 1 
= 4, the sum of the proposed quantities is 4-^. 

3. Add together 3^, ^, and 6fs.. 

Here it is at once seen that the denominators 40 and 36 
each have a common factor, 4 ; the first two fractions may 

therefore be written — , : so that the two deno- 

10x4' 9x4' 

minators will be the same, if the first be multiplied by 9 and 

the second by 10 ; for the factors of each will then be 4, 9, 

audio. Consequently, f*+f|. = ||^+|i§ = |fj=l|^. 

The third fraction, after multiplying its terms by 2, is ^ ; 

and *H + M = -m* + im = liWo; lience the sum is 
11-3^^. The reason why I changed f| into |^ was, that 50 
is a more convenient number to multiply by than 25. 

4. Add together ^, ^ ^ and -LJ. 

The denominators of the first two fractions are 4x4 and 
3x4; these are made alike by the faictor 3 for the first, and 

4 for the second; using therefore these for multipliers, the 
first two fractions become changed into •^, ff . The deno- 
minators of the other two fractions are 5 x 3 and by.%\ they 
are made alike by the &ctor 8 for the first, and 3 for the 
second. Hence the last two fractions are changed into -^j-, 
•j^. The only differing denominators are now 48 and 120 ; 
that is, 24 X 2 and 24x5, which are made alike by the &ctor 

5 for the first, and 2 for the second ; therefore, using these 
for multipliers of -If and -^^^ the sums of the pairs of frac- 
tions above, we have, finally, i*H+'H^=f4l=l^ife' 

E 2 
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And this is the "way in which joii should proceed in work- 
ing the following exercises, reducing the fractions to a common 
denominator, by the rtde^ only when no two of the denomi- 
nators have a factor in common. If you are only careful 
always to select the greatest factor in common, your changed 
fractions will always have the least common denominator. 
A rule will presently he given for enahling you to find the 
greatest common factor of two numbers, however large those 
numbers may be. 

Exercises, 



4-t--s-t-y 

A4_i-i-*. 



1. 

2. 
3. 

5. 2i+3f+i. 

6. 8i+5ii+i. 
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9. 
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13. 
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O 7 



14-4-11-1-861 80 
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18' 



19 



I T5 I 



1 1 



+ 



6 8^^ "8^6 T^ a 6 > 8 9* 
14 fii8.4-l_Z U-S Ui 

^^* iT + Tf+al^+^A' 

16. 232y+lT^+3A+f. 



(56.) Subtraction op Fractions. 

Rule. Reduce the fractions to a common denominator^ 
which place under the difference of the changed numerators. 

As in addition, after the fractions are brought to a common 
denominator, the numerators only are added^ so in subtrac- 
tion, the numerators only are subtracted ; the common deno- 
minator in both operations being preserved, as it is merely 
that which denotes what the things added or subtracted are. 



Here i-f =| 



g 6 



T5 



Ex. 1. Subtract -f from -f-. 

2. Subtract 2| from 4-^3^. 

TTprp 4-J 98 — 4 14 o 9 — Q 6 

3. Subtract 3f from 7f . 

Here 71—31=7^—33^^; -^ cannot be taken from ^ 
we must therefore increase the -]^ by a unit, or j^ borrowed 
from the 7, thus converting the operation into 6-f^— 3-j^= 
3-J^. And similarly in other such cases. 



Exercises. 



1. 3^-2^, 

2. U-4. 



Q il 



4. «- 







5. 2f-lf 
6- 4-^-31*. 
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7. Hi-m- 

10. 2if+3T«r-4TV. 



11. 



6A+1ts 



9 



5f. 



12. 5J-6i+lf 

13. 8-5^-33^-2^. 

14. AA+5f-6A. 

15. 10i|-7A-2A. 



16. 
17. 
18, 
19. 
20. 



.18. 



SS 



'A 



If 



3f-lf+5|-2. 
9«-7|-H+|. 



2*-H. 



4¥ 



+ 



3^ 



21. 5V-2^+3T!\r+i. 

ZZ. /-y C>2- g-j- -j-g-. 

23. 13il-12^-|-TV- 

24. 15i+li-14ii+f. 



(57.) Multiplication op Fractions. 

When anything is multiplied by a frctction^ the operation 
perfonned is, in reality, something more than mere multipli- 
i^ation^ in the sense in which that word is used when the 
multiplier is a whole number: thus, if anything is to be 
multiplied by ^, the meaning is, that we are to take one-fifth 
ioi that thing once ; if it is to be multiplied by f, the meaning 
is, that we are to take one-fifth of it twice ; if by -I, we are to 
take one-fifth of it three times ; and so on. It is so far like 
ordinary multiplication, that it signifies repetitions^ or the 
taking of a quantity a certain number of times : but then it is 
not the whole of this quantity, but only a part of it that is 
taken that number of times : the part to be taken is made 
known to us by the denominator of the multiplier ; the num- 
ber of times it is to be taken, by the numerator. 

Suppose we have to multiply y by f ; the meaning is, that 
we have to take a fifth part of -f- twice : now, by the fifth 
part of anything, is meant that thing divided by 5 ; in the 
proposed instance, it is -f divided by 5 ; but -f-, is 3 divided 
by 7, and if there be another division by 5, the result is of 
course the same as if 3 were at once divided by 5 x 7, or 35 ; 
so that a fifth part of -f is -^ ; and, consequently, ^t^o^fifths 
must be -^ ; we thus see, that |- x ■§■ = -^j so that the pro- 
duct of the two fractions is nothing more than the product of 
their numerators divided by the product of their denomina- 
tors ; and, moreover, that -f multiplied by f, and -f-ths of -f-ths, 
or -f-ths of ^thsy are one and the same in meaning. This must 
be kept in remembrance. 

Although only a single instance is here taken for illustra- 
tion, yet you will easily see, that the same reasoning would 
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apply to any two fractions whatever, and therefore that tlie 
following rule must be true for all cases. 

Bulb. Multiply the numerators together, and yon will 
get the numerator of the product. Multiply the denominators 
together, a^d you will get the denominator of the product. 

Note 1. If a multiplier be a whole number, it may be 
considered as a fraction with 1 for denominator : if a mul- 
tiplier be a mixed number, it must be converted into an im- 
proper fraction. 

2. It is very likely, that in a row of fractions to be 
multiplied together, there may be found factors in the 
numerators equal to factors in the denominators ; if so, cancel 
them, or omit them in the multiplications ; for there is no use 
in preserving common factors in numerator and denominator 
of the product, which ought always to be in the lowest terms. 
And, on this account, if a fraction is to be multiplied by a 
whole number, it is better to dimde the denominator by the 
number, whenever the denominator exactly contains it. 
. Ex. 1. What is the product of -|^ 2^, and f ? 

Reducing the mixed number to an improper fraction, we 

, 2 9 2 2x3x3x2 

have -:rX-rX-r- = :; — 7: — - — = = f- 
3 4 7 3x2x2x7 ^ 

As here the factors, 2 and 2, furnished by the numerators, 
are the same as the factors of 4 in a denominator, these com- 
mon factors are cancelled ; also, since there is a factor 3 in 
the numerator 9, the same as a denominator, these two 3's 
are also cancelled; so that, after the cancellings, there re- 
mains only 3 in the numerator, and 7 in the denominator ; 
and, therefore, the product is found without actuaUy mul- 
tiplying at al]. 

2. Multiply ^ of 3i by f of 2^. 

-1 H A ^ — ^Xl6__32_ 
9572 3x7 21 *^ 

In working this example, I would recommend you to pro- 
ceed thus : having written down all the ^iven fractions, with 
the signs of multiplication between them, as above, and 
having put the sign of equality, draw the line that is to 
separate the resulting numerator and denominator, be/ore 
putting anything above or below ; then, looking at the first 
numerator, 4, examine the row of denominators ; the last of 
this row, 2, you find to be a factor of 4, therefore expunge 
or cancel this feustor, putting only the other factor 2 above 
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the. line of separation, and draw jour pen through the deno> 
minator 2, to remind you, when you come to it, that it is 
done with: then, looking at the denominator 9, of the first 
fraction, and glancing at the row of numerators, you see a 3, 
which being a factor of 9, you put only the other factor 3 
below the line of separation, and draw your pen through the 
numerator 3, to show that it is cancelled. The next nu- 
merator, 16, has no factor belonging also to the uncancelled 
denominators ; this 1 6, therefore, you put down as it is, 
against the number before put in the numerators place; and 
as the denominator 5 of the second fraction is cancelled by 
the numerator 5 of the fourth, you draw your pen through 
both, and pass on to the next fraction, and you see that the 
only uncancelled number remaining is the denominator 7; 
you write this, therefore, in the denominators place, against 
the number already there, and put the multiplication sign 
between the two; and you thus have the numerator and 
denominator of the product free from useless factors ; that is, 
you get the resulting fraction in its lowest terms. 

3. Multiply -f , 3^, 5 and -I of -f- together. 

A ^^ A A 3 _ 13x3 _39_ ^^ 
3 ^ 4 ^ 1 ^ 4 ^T"~ 2x4 " 8 " ^* 
2 

Here the first numerator 2 cancels a factor 2, in the next 
denominator 4, but as the other fsBictor 2 remains uncancelled, 
you write the uncancelled 2 below the 4, which, with the 
numerator 2, is then crossed out : the first denominator 3 is 
also cancelled, with the fourth numerator, so that nothing as 
yet is put on the right of the sign =. Passing then to the 
numerator 13, you see that nothing below cancels it; you 
therefore put 13 in the numerators place, and the uncancelled 
2 below it. Passing now to the third numerator, 5, you see 
that it is cancelled by the last denominator; there remains, 
therefore, only the uncancelled denominator of the fourth 
fraction, and the uncancelled numerator of the fifth. 

In most books on Arithmetic, the cancelled figures, in 
examples of this kind, are printed with the cancelling marks 
across them ; but this gives the work an unsightly appearance ; 
and although I recommend this plan to you for your own 
private convenience, yet, in presenting your work to the 
inspection of another, I would not recommend it to be shown 
all defaced by these scratches : when they have served your 
purpose, they should be removed, or an undefaced copy of the 
work taken. 
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Exercises. 

1. Multiply ^ by ^. 

2. Multiply 3f by 2|i. 

3. iX^Xfoff. 

4. ioff of^. 

5. |.x4^Xf of 5. 

6. Ifx24^x3i. 

7. 2^x53^^x7. 

8. 66ixlix5|. 



9. 4|xf of3f 

10. \oi^x\oi^. 

11. ix4ixiof 5. 

12. |x7fxHxf 

13. 3f of4ixiof7. 

14. 12T^x3|x2iof If. 

15. 13ix-5^XlfXf. 

16. 21|xliXfxA. 



(58.) Division op Fractions. 

You have already seen, that when you multiply by a 
proper fraction, the product is always less than the mul- 
tiplicand; you will be prepared to expect, therefore, that 
when you divide by a proper fraction, the quotient will 
always be greater than the dividend. If your divisor is a 
whole unit, or 1, the quotient is only eqtial to the dividend ; 
so that when your divisor is less than 1, that is, a proper 
fraction, the quotient must be greater than the dividend, for 
the less your divisor the greater the quotient, and if one 
divisor be a third part, a fourth part, &c., of another, the, 
quotient due to that part must be three times, four times^ 
&c., the quotient due to that other. All this is plain : sup- 
pose you have to divide by f , that is, the fourth part of 3, 
the quotient must be four times the quotient you would get 
by dividing by 3 itself; so that you would get the true 
quotient by first dividing by 3, and then multiplying what 
you would get, by 4. Division by a fraction^ therefore,, 
would thus imply both division and multiplication, for what 
is here said of the divisor f, you must see would equally 
apply to any other fractional divisor : the true quotient would 
always be got by dividing the dividend by the mimerator of 
the divisor, and then multiplying the result by the denomina- 
tor. For instance, if you had to divide -f by -f, you would 
first divide the |- by 5 ; this would give you -s^g- ; for 2, first 
divided by 3, and the result by 5, is, in fact, 2 divided by 
15 : but the true quotient must be 7 times the quotient i^, 
because your true divisor, namely, f, is only a seventh part 
of the divisor 5 ; therefore, the true quotient is -^^ x 7, or -J^ : 
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yoQ thus see, that the quotient of one fraction bj another, is 
got bj multiplying the numerator of the dividend by the 
denominator of the divisor, and the denominator of the divi- 
dend by the numerator of the divisor ; or, which is the same 
thing, the quotient is got by turning the divisor upside down, 
and then proceeding as if the operation were multiplication 
instead of division. Hence the rule. 

(59.) Rule. Invert the divisor, or make numerator and 
denominator change places, and then proceed as if it were 
multiplication. Mixed numbers are, of course, to be reduced 
to improper fractions, as before. 

Note. Before inverting the divisor, see whether the 
numerators of both fractions have a common factor ; if they 
have, expunge it: see if the denominators have a common 
factor; if they have, expunge it. Remember to do this 
before applying the rule. 

Ex. 1. Divide ^ by ■^. 

Here A-^tV = f-^i = i x t = ii? *^® factor 6, com- 
mon to both denominators, being cancelled before applying 
the rule, because if allowed to remain, it would enter numera- 
tor and denominator of the result. 

2. Divide 5^ by 2^ 

Here ff-J-y = V-^V = V X A = W = 2*f 

3. Divide ^ of 8i by f of f 

First, -^x V = V- Second, f x| = i. 

Then, V-^i = V x3 = V = Tf 

In inverting the divisor here, the denominator 1 is omitted 
as useless. If the divisor had been 3 instead of -|-, the divisor 
inverted would have been \, since 3 is •{- ; and \ would have 
been called the reciprocal of 3 ; the reciprocal of any number 
being 1 divided by that number: the reciprocal of a Action 
is merely that fraction inverted; thus, l-4-f=:lx|- = |^; 
1 ^-f- = 1x^ = 1^, and so on ; so that the rule for division of 
fractions may be stated thus : multiply the dividend by the 
reciprocal of the divisor, and you will get the quotient. 



Exercises, 



9. f of 2^-T-i of 2f . 

10. 4f -7-1 of I of 6. 

11. 18-5-3^ off of i. 

12 L^H 

Note. A fraction like either of the fractions in Ex. 12 is 

E 3 



1. 8.-1.14.. 
3. 2|i-|-4f 



5. iT^y^lOi. 

6. 27-^^Sg.• 

7. |off-=-f 

8. -I of li-i-S^. 
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called a complex fraction ; the word complex implying that 
one of the terms of the fraction, at least, does iud/ contain a 
fraction. Each of the preceding exercises might have been 
written as a complex fraction, so as to dispense with the 
sign -f- ; and this way of indicating division is often the 
more convenient, as will be seen in the next article : before 
proceeding to which, however, it may be well to state the 
two following obvious inferences from the rules for multipli- 
cation and division in a distinct form, on acconnt of the 
frequent application of them. 

1. When a fraction is to be multiplied by a whole number, 
the correct product is obtained, whether we multiply the nu- 
merator by the number and leave the denominator untouched, 
or divide the denominator and leave the numerator un- 
touched ; the latter way, when the denominator is divisible 
by the number, is generally to be preferred. J£ the multiplier 
be egiMl to the denominator, the product is simply the nu- 
merator. 

2. When a fraction is to be divided by a whole number, 
the correct quotient is obtained whether we divide the nume- 
rator by the number, leaving the denominator untouched, or 
multiply the denominator and leave the numerator untouched ; 
the former when practicable is generally to be preferred. 

(60.) To find what Fraction one Quantity it of another 

Quantity. 

The fraction that one quantity is of another is expressed 
by writing the former as numerator, and the latter as deno- 
minator ; both quantities, if concrete^ being first reduced to 
the same denomination. 

Ex. 1. What fraction of | is i ? 

Here we have only to divide -J- by -f ; therefore -J- x ■|=f ; 
so that -J- is |- of -|. 

2. What fraction of 12| is 7? 

7 35 
= — , the fraction required. 

12^ 63^ ^ 

3. What fraction of £1 is 7«. Sd. ? 

Reducing these to the same denomination, we have 

^=:^=^ ; that is, 7i. Sd. is the «ths of £l. If A 
20#. 240 60 ^ " " 

had been replaced by -|, the result would have come out in 

the lowest terms at once. 
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4. What fraction of 8«. 4d, is S», 9d. ? 
As4df.=^., and 9<i.=^., we have 3i-J-8^= V"?* V=f 
-i-^sz^; so that 39, 9d. is -^ths of 8». 4df. 

JExereises, 

1. What fraction of 5s» is U. lOd. ? 

2. What fraction of 29. ed. is 8^. ? 

3. Reduce 3«. 1 It/, to the fraction of a guinea. 

4. Keduce f of 2«. to the fraction of £l. 

5. What fraction of a yard is 2 ft. 5 in. ? 

6. What fraction of a ton is 3 cwt. 1 qr. ? 

7. Reduce -j^ of 10 minutes to the fraction of an hour. 

8. What fraction of 2A is j. of 3f ? 

9. What fraction of £lf is 7fff.? 

10. What fraction of 90* is 12** 23'^? 

1 1. What fraction of a week is 2 d. 17 h. ? 

12. What fraction of 1| is -jL of 2i? 

13. What fraction of 2|- is ^i^ of li? 

14. What fraction of £7 13«. 4^df. is £2 148. 2^0. ? 

15. Reduce 3 roo. 21 po. 3 yds. to the fraction of 11 ac. 2 roo. 

6po. 

(61.) Examples of Multiplication and Division of concrete 

Quantities, 

Though the rules ^ven for multiplying and dividing by a 
fraction or mixed number apply generally, whatever the 
things multiplied or divided may be, yet as these rules have 
been actually applied hitherto only to abstract numbers, it 
may be proper to give a few examples in which concrete 
quantities are concerned. 

Ex. 1. Multiply 7*. l^d. by ^\\ or 12f 

s, d, s, d. 

7 1^X12 7 lix|^ 

12 7 



4 5 6 9)49 10^ 

5 ei for i 



£4 11 0| 



5 6i 



Or, since 7s. 1^.=7J*.= V'«> ^o ^*^o ¥'• ^ ^i' = V'* X 
i|.8=:«ii6,,-,9iJL^.— £4 11,, oji. The best way to mul- 
tiply by 19, is to multiply by 20 and subtract the multiplicand. 
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2. Multiply 3 ton 7 cwt. 12 lb. by 2f . 

The product by | may also be got 
ton. euft. gr, lb, by taking J from the whole, thus > 

2 /on. ctr/. gr. lb. 

4)3 7 12 
16 3 3 

I 2 10 1 9for| 



6 14 
for J 16 
for 1 1 13 



3 
2 


24 
3 
6 


9 4 


2 


5 



3. Divide £7 11*. S^d. by 5^^. 

This is to multiply by if, which may be done by first re- 
ducing to the lowest denomination, but more easily as below. 

£" *. d. £, s. d. 

7 11 6i Or thus : 7 11 6^, to be added. 

20 12 + 1 = 13 

151 90 18 6 
12 £. ,. d. 



67)98 10 Oi(l 9 4| 

1818 . 67 ' +if/; 



31 

7274 20 
13 



630 

21822 603 
7274 



27 

67) 94562 (141 1 if farthings. 1 2 

67 

4)1411-|-Af 324 

.275 268 

268 12) 352| 

56 

76 2,0) 2,9 4 4 

67 



— £19 4|-|-|f/. 226 

92 201 

67 

— 25 
25 
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Exercises, 

1. Multiply £12 11*. Qd. by 12|. 

2. What is the value of \ acre at £2-5^ per acre ? 

3. Multiply 17*. 5\d, by 75 4|. 

4. A person walks 77|- miles in 10^ hours, at what rate is 

that per hour ? 

5. Seven pieces of cloth, each containing 11-| yards, cost 

£54f, what was the price per yard ? 

6. Three persons. A, B, C, purchase property worth £625 ; 

A purchases ^, B |^, and C the rest : what is the worth 
of each person's share ? 

7. The total amount of gold exported from San Francisco, 

in California, during the month of October, 1851, was 
6884875 American dollars; what was its worth in 
English money, an American dollar being -^ of an 
English one? [[American dollars differ in value in 
different States." 

8. A person has | of a cargo, worth £900, and wishes to 

sell § of his share ; what is it worth ? 

9. A person holding |- of property worth £864 10*. wishes 

to dispose of as much of it as will produce £160 ; what 
share will he possess after the sale ? 
10. The true length of the year is very nearly 365 days 5 
hours 49 minutes ; what is the length of the -^ part, 
or 7 weeks, considering a week to be the 52nd part 
of a year ? 

(62.) To find the Greatest Common Measure of two or more 

Whole Numbers. 

By the greatest common measure of a set of numbers is 
meant the greatest number which will divide them all without 
leaving any remainder; a number being said to measure 
another only when it is contained in that other a certain 
number of times exactly; 3, for instance, measures 9, 12, 
15, &c., but it does not measure 10, 13, 16, &c. Of the 
numbers 8 and 12, 4 is the greatest common measure ; that 
is, the greatest divisor common to them both: 6 is the 
greatest common measure of 12 and 18, as also of 12, 18, 
and 36 ; and so on. The words greatest common measure 
are, fdr shortness, replaced by the letters g. c. m. 

The chief use of a rule for finding the o. c. m. of two num- 
bers is to enable us to discover with certainty the lowest terms 
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in which any proposed fraction can be written. In the frac- 
tions hitherto considered, this object has been attained by a 
simple inspection of the numerator and denominator, as the 
factors common to both are often sufficiently obTions to 
become readily detected by a little examination; in which 
examination the table of factors at the end will frequently 
be of assistance. I have postponed the general rule about to 
be given till now, because you should always endeavour to 
discover the greatest common measure in this way, without 
resorting to any such rule ; for the operation by it is some- 
times long, though not difficult, and frequently ends by 
showing that no common measure exists. Moreover, it is 
not indispensably necessary that a fraction be reduced to its 
lowest terms : &ctors which obvioiuly enter both numerator 
and denominator should always be removed ; but when the 
detection of them requires *the aid of the rule below, they 
might, in most cases, be suffered to remain, without bringing 
any discredit upon the computer ; for the simplified result is 
seldom worth the trouble of obtaining it It is right, how- 
ever, that you should know the rule, more especially as it 
may be applied to other purposes. 

(63.) Rule. To find the a. c. m. of two numbers, divide 
the greater by the less ; make the remainder a new divisor, 
and the former divisor a new dividend; then make the second 
remainder a divisor, and the preceding divisor a dividend, and 
so on, always dividing the last divisor by the last remainder 
till the remainder disappears, or becomes 0. The divisor 
which thus leaves no remainder is the g. c. m. of the two 
numbers. If there be a third number, apply the rule to the 
o. c. M. of ttoo and the third : and so on. 

NoTB. — ^You may very often stop the process before it terminates in 
this WSJ of itself. The divisors contuuially diminish in magnitude, and 
on this acoonnt, though the original numbors may be too large for you to 
detect their o. c. m. without a rule, yet the smaller numbers, which form 
the several divisors, may be small enough, after a step or two, to enable 
yon to see by simple inspection what the o. o. m. of a pair of tkem is, 
and it so happens, that the o. o. m. of any two of the divisors is always 
likewise the o. o. m. of the original numbers. And it is strange that 
this way of curtailing the work is not expressly pointed out in books of 
arithmetic. In the first example on next page, the process is carried on 
till it terminates of itself, for the purpose of showing you all the steps in 
full ; but after the first of these steps, the remaindOT of the work is an* 
necessary. Your first remainder 92 will obviously divide by 2 ; the 
quotient 46 will also divide by 2, giving 23 ; the only different factors of 
92 are therefore 2 and 23. NOw 161 will not divide by 2 ; but you find, 
upon trial, that it will divide by 23. Hence 23 is the o. c. u. 
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Ex. 1. Find the g. cm. of 161 and 253; and thence 
leduce the fraction \^ to its lowest tenns. 

Proceeding by the role, as in the 
margin, the o. c. m. is found to be 161)253(1 
23; we infer, therefore, that both 161 

numerator and denominator of the ■ 

fraction have 23 for their highest 92)161(1 

common divisor. Dividing Uiem, 92 

therefore, by this number, we find — 

the fraction in its lowest terms to 69)92(1 

be •^, which is certainly a much 69 

simpler form than \^. And I •— 

may here observe, that we can often . 23) 69(3 

form a much more correct estimate 69 

of the value of a fraction after it is — 

reduced to its lowest terms : you can form a better notion of 
7 elevenths of a thing than of 161 parts of it out of 253. 

2. Find the G. c. M. of 175 and 912. 

Here we find that the second divisor is 37, 175) 91 2 (5 
which obviously has no factor, unity not being 875 

considered as a factor; hence the numbers 

have no common measure, so that the fraction 37 

^^ is already in its lowest terms. 

3. Reduce HH^ to its lowest terms. 
Proceeding as in the 

margin, we arrive, after 1 232 1 ) 54345 (4 
a few steps, at the re- 49284 

mainder 210, a number 

whose factors, it is very 506 1 ) 1 232 1 (2 

easy to see, are 10, 7, 10122 

and 3, the 10 being 

composed of the fiictors 2199) 5061 (2 

2 and 5; so that the 4398 



G. c. M., if any common 

measure exist, must be 663)2199(3 

one or more of these 1989 



factors. A glance at -— 

the last figure of 663 ^210 

shows that neither 2 

nor 5 can be a divisor of it. It is easy to try 7^ which is 
found not to succeed ; but 3 does succeed : hence the g. c. m. 
of the terms of the proposed fraction is 3. And thus several 
steps of work are saved. Dividing numerator and deno- 
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minator by 3, we have ilsis ^ iViVs? ^l^ich, after all, is a 
degree of simplification too trifling to be worth the trouble by 
which it has been effected ; bnt then this could not have been 
foreseen. The common measure 3 could have been easily 
found by inspection. 

(64.) The truth of the rule for the o. c. m. depends upon 
two general principles; namely, 1. If one number he divided 
by another^ every factor common to dividend and divitor^ 
must also be a factor of tlie remainder. For suppose two 
numbers, that have no factor in common, to be divided one by 
the other, and the remainder to be found : it is plain, that if 
the dividend and divisor were each to be multiplied by any 
number, 4, for instance, and the division then to be per^ 
formed, we should get the same quotient as before; but the 
remainder would be 4 times the former remainder, because 
if you subtract 4 times a number from 4 times another num- 
ber, the remainder must be 4 times as great as it would have 
been if you had subtracted without multiplying the numbers 
by 4. You see, therefore, that when a factor is introduced 
into dividend and divisor, it is also introduced into the 
remainder; so that whenever a common &ctor exists in 
dividend and divisor, you would be sure to find it out by 
trying all the factors of the remainder. 

2. Whatever factor is common to remainder and divisor^ 
also belongs to the dividend. For the dividend is egtuil to 
the product of quotient and divisor, with the remainder 
added : the portion of the dividend, furnished by the product 
of quotient and divisor, has, of course, whatever factor the 
divisor has; so that if the other portion, namely, the re- 
mainder, have the same factor, it follows, that the sum of 
these portions, that is, the dividend itself, must have that 
factor. These two principles suggest the rule ; thus, referring 
to Example 1, the greatest common factor of the remainder 
92 and divisor 161, is also the greatest common &ctor of 161 
and 253 : in like manner, the o. c. m. of 69 and 92, is the 
o. c. M. of 92 and 161, and, consequently^ from what has 
just been inferred, the o. cm. of 161 and 253 : and, lastly, 
the o. c. M. of 23 and 69, which we see is 23 itself, is the 
o. c. M. of 69 and 92, and, therefore, of 92 and 161, and of 
161 and 253. 

JSxercises. 

1. Find the o. c. M. of 247 and 323. 

2. Of 272 and 425. 3. Of 57 and 63. 
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4. Of 408 and 527. 5. Of 1164 and 1261. 

6. Reduce ^'^y^ to its lowest terms. 

7. Reduce |-}-| to its lowest terms. 

8. Reduce iVsVa ^ ^^ lowest terms. 

9. Find the g. c. m. of 5283 and 176491. 

10. A field is 169 rods long, and 156 rods wide: wliat is the 

length of the longest chain that will exactly measure 
both length and width ? 

11. Three persons, A, B, C, having, respectively, ^£323, 

j£456, and £551, lay it out in land, at the greatest 
price per acre that will allow each to spend the whole 
of his money : what was the price per acre, and how 
many acres did each buy ? 

12. Find the least number of ounces of standard gold that 

can be coined into an exact number of half-sovereigns : 
standard gold being £3 17#. 10^c?..an ounce.* 



(65.) To find the Least Common Multiple of a Set of 

Numbers. 

Any number that is exactly divisible by a set of other 
numbers is called a common multiple of those others, and 
the least number that is exactly divisible by a set of others, 
is called the lecut common multiple of those others : it is, for 
brevity, expressed by the initial letters, l. c. m. 

From knowing how to find the l. c. m. of a row of num^ 
bers, we can always reduce a row of fractions to others equal 
to them in value, and, at the same time, having the lowest 
possible common denominator ; for the lowest common deno- 
minator will, of course, be the least common multiple of the 
original denominators. Each changed fraction will have this 
L. c. M. for denominator, and therefore for numerator, it must 
have the product that arises from dividing the l. c. m. by the 
original denominator, and multiplying the original numerator 

* As a bint towards the management of this question, the learner may 
be informed, that if the £3 17«. lO^d. be reduced to half.pence, and 
the nnmber of half-pence be divided by the number in lOs., the quotient 
will give the number of half-sovereigns and the fraction of a half-sovereign 
that can be coined from one ounce ; he will then have to find the lowest 
number the dividend must be multiplied by to prevent tbe entrance of a 
fraction in the quotient. It will not be difficult for him to see that 
£3 lOs. out of the £Z 17«. lO^d. may be neglected in the work. He 
will find the least number of ounces to be 80, and the corresponding 
number of half-sovereigns to be 623. 
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bjr the quotient, because it is only by such multiplication that 
the original numerator and denominator come to be both 
multiplied by the same number. 

Before giving you a general rule for finding the i. c. m., it 
is, perhaps, better that I should show you, by an example, 
what appears to me to be the most convenient and obvious 
method of proceeding. Suppose the numbers 24, 10, 9, 32, 
6, 45, and 25, were proposed, we should have to discover the 
lowest number that would give a quotient free from fractions^ 
when divided by any one of these seven numbers. Let us first 
divide the 24 by the 10, we shall have -ff = 2-|-; and as the 
fraction |> is in its lowest terms, with 5 for denominator, it is 
plain that we must take the dividend 5 times, at least, in 
order to render the quotient free from a fraction; so that 
24 X 5, or 120, is the least number which is exactly divisible 
by both 24 and 10. Again; ^-g-^ = 13|^, so that we must 
multiply the 120 by 3, at least, to make the quotient by 
9 a whole number: hence> 360 is the least number exactly 
divisible by 24, 10, and 9. Agiun; '^ = ll-J-, so that 
360x4 ^ 1440, is the least number divisible by 24, 10, 9, 
and 32 : we need not attend to the 6, because whatever is 
divisible by 24 is also divisible by 6 :* taking, therefore, the 
next number, we have ^^^ = 32, so that 1440 is the least 
number divisible by 24, 10, 9, 32, 6, and 45. Lastly, 
ifj-o = 53|; consequently, 1440x5 = 7200, is the L. c. M. 
of all the numbers. 

From this example you will be prepared for the rule I 
propose to give : it is as follows : — 

Rule. Take any two of the numbers for dividend and 
divisor. If the quotient have a fraction, reduce it to its 
lowest terms, and multiply the dividend by its denominator. 
Take the product for a new dividend, and another of the 
numbers for divisor : if the quotient have a fraction, reduce it 
to its lowest terms, and, as before, multiply the dividend by 
the denominator : take the product for a new dividend, and 
another of the numbers for a divisor ; and so on, till all the 
proposed numbers have been used, omitting those which are 
obviously contained in any of the others, or in a dividend 
already found : the last product will be the L. c. M. 

* As 45 is one of the giyen nambers, we might, for a like reason, hare 
neglected the 9 ; since whatever is divisible by 45 must be divisible by 9 : 
or we might have neglected the 45, since whatever is divisible by 10, and 
9, must obviously be divisible by 45. 
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Note 1. If any quotient occur without a fraction, the 
same dividend is to be used with the neat divisor. 

2. When in going over the row of numbers you come 
to one which is a prime number (page 20), you should 
see, as you may readily do, whether this prime number be 
contained exactly in any of the preceding: if it be, you are 
to omit it, as the rule directs ; but if it be not, then you will 
know that the quotient, arising from dividing your last divi- 
dend by it, must have a fraction with that prime number for 
denominator: you need not, therefore, be at the trouble of 
performing the division; you will merely have to multiply 
the dividend by the prime number, and then to pass on to 
the next number ; but a still better way will be,' to reserve 
these prime numbers, after having selected them from the 
entire row, and to apply the rule only to the composite num- 
bers into which the primes do not enter ; and when you have 
got the L. c. M. of the composite numbers, to multiply it by 
the primes, one after another ; of course, you are to take no 
account at all of such primes as are contained in any of the 
composite numbers. 

JSxercises. 

Find the least common multiple of 



1. 8, 12, 18, 20 

2. 3, 9, 27, 81 

3. 2, 3, 4, 5, 6, 7, 8, 9 



4. 24, 16, 20, 30, 25 

5. 27, 24, 15, 126 

6. 242, 748, 21, 427. 



It may be as well to remind you here, that as 6 and 8, in 
Ex. 3, contain 2, 3, and 4, these latter numbers may be 
omitted; and as 5 and 7 are primes^ not contained in any of 
the other numbers, they may be reserved (Note 2) ; so that 
you need apply the rule only to 6, 8, 9, of which the l. c. m. 
IS 72 : therefore, 72 x 5 x 7 = 2520, the l. c. m. of the pro- 
posed numbers. The following example is also one in which 
you may, with advantage, avail yourself of Note 2. 

7. Find the l. c. m. of 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21. 

Here there are four prime numbers, which you may reserve 
till you have applied the rule to the others. 

From what has now been said about the L. c. m. of a set of 
numbers, you can never be at a loss how to reduce a row of 
fractions to others equal to them, and having the least pos- 
sible common denominator : as observed at the commencement 
of Art. 65, when yon have found the l. c. m. of the deno- 
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minators, by aid of the above directions, you will only have 
to divide it by the denominator of the first fraction, to get 
the number by which the numerator must be multiplied, in 
order that you may have the proper numerator of the cor- 
responding changea fraction; and so of all the followiDg 
fractions. In other books on Arithmetic, you will see rules 
for finding the L. c. M. difierent from that above : some of 
these may look shorter, but I think the one here given will 
be found as expeditious as any, while it is much more easy ot 
proof, and of being borne in the memory. 



PRACTICE. 

{^^•) Practice is the name given to a set of operations in 
commercial arithmetic, by which the prices of commodities 
may often be calculated in an expeditious manner. 

From the examples of these operations which I shall here 
give, you will easily see what the peculiar method called 
Practice really is; and you will, at the same time, observe, 
that though it does not enable you to do anything you cannot 
do already by means of the rules for compound quantities 
before taught, yet, that in many cases, both time and figures 
are saved by replacing these rules by Practice ; and such a 
saving is matter of consideration in actual business. When 
you are familiar with the method, it will be for you to deter- 
mine, in any example you may have to work, whether the 
former methods, or the method of Practice, or a combination 
of those two, be the most likely to save time and trouble. 

Ex. 1. What is the value of 48 tons, at 
M 1<)«. a ton ? 48 

Here, instead of reducing the money to 6 

shillings, and then multiplying by 48, we 

24 



h 



should regard the £6 10«. as 6}, working 

the example by multiplying the 48 by 6, 10«. 

and adding the half of 48 to the product: 

the sum is, of course, the whole product of £S^ 2 

48 by 6^, and the result comes out at once 

in pounds, without any reduction, as- in the margin. The 
operation so conducted and so arranged is an operation of 
Practice. 
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288 


10*. 


i 


24 


5s, 


i 


12 



£324 



2. Suppose tbe price per ton had been 48 
£6 15s.: then, observing that 10*. is the 6 

half of a pound, and 5s. the half of 10*., the 

operation would have been as here annexed. 
Here you see, that 48 times the £6 is 
£288; 48 times the ^£, or 10*., is £24; 
and as 48 times 5s. must be the half of this, 
we get the additional £12 : so that the 
whole sum is £324. 

You thus see, that by working examples of this kind by 
Practice, you avoid the trouble of reducing the compound 
quantity concerned to the lowest denomination, which appears 
in it, and then of reducing the result back again. In Practice 
the highest denomination is preserved, and the lower deuo^ 
minations considered as Aliquot Parts, that is, exact 
measures of the higher; so that the chief thing you have 
to do, is to consider how these lower denominations may be 
most conveniently cut up into aliquot parts of the higher: 
thus, in the last example, the 15*. was cut up into 10*., the 
half of the highest unit, a £, and into 5*., the half of the 10*., 
or the fourth of the £. 

3. Suppose the price had been £6 17*. 6d. per ton : then 
the aliquot parts would have been ^ of a 
£ for 10*., i of 10*. for 5*., and i of 5*. 
for the remaining 2*. 6d. : the work would 
therefore have stood as in the margin. 
The fractions are put against the several 
sums into which the shillings and pence 
are cut up, to show what aliquot parts 
they are; but you must avoid the error 
of saying you divide by ^, i, &c., for 
you divide by 2, 4, &c., in order to get 
the half, the fourth part, &c. It is to 
prevent your falling into this error, that 
each fraction is placed, not beside the 
dividend^ but beside the quotient. 

4. Suppose, lastly, the price were 
£6 7*. lO^c?. Here you may cut up 
the shillings and pence as follows : 5s. 
is \£ ; 2*. 6d. is ^ of 5s. ; Sd. is -^ 
of 2*. 6(i, or 30d. ; and, lastly, 1^ 
is \ of 3d. Hence the work is as in 
the margin. 
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U. 4d. 
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8d. 


i 
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£809 6 



5. If the price had been £6 Bs. 10\d.<, the work might 
have been conducted as here an- 
nexed, from which you will see that 48 
there is sometimes need for a little 6 
reflection as to the most convenient »_« 

set of aliquot parts. 288 

When you come to the bottom of 6#. Sd, \ 16 
this page you will see how, by a little 1#. 4^. 4- 3 
contrivance, the work here given in 
the margin may be abridged. I give 
you the operation in this form at first, 
as also tluit of the next example, in 
order that you may become acquainted 
with the management of aliquot parts. __ 

6. Find the value of 76 at 18s. ll^d. each. 

In this example, the highest deno- 76 

mination being shillings, the first 13 

aliquot part taken is that of a shil- 

ling; for the portion of the price 228 

equal to one shilling, the 76 articles 76 

would be 76*.; therefore, for half 

that portion, that is, for the 6df., the 988 
sum is SSs. The total amount of all 6^. ^ 38 
the component portions of the entire Sd. ^ 19 
value is 1062«. 5d.: therefore, di- 2d.of6d. \ 12 8 
viding the shillings by 20, we have ^d. of 3d. ^ 4 9 
£53 2*. 5d.* 

Sometimes you may abridge 
the work by increasing the price 
of the angle article, and then 
correcting the result, by sub- 
tracting what is due to the in- 
crease: for instance, when the' 288 
price is 17*. 6c?., preceded by 10*. ^ 24 
pounds or not, you may increase — 
it by 2s. 6(i, and then allow for £312 
the overplus, by subtracting the 

* As notioed above, the operatioit in the nuirgin merely shows what 
the steps suggested by the rule of Practice really are ; bat the more com- 
pletely the principles of arithmetic are taught, the more independent of 
rules does the learner become. He who knows these principles well, 
need never ransack his memory for rules. The value of the 76 articles 
above, at 14«. each is 1064tf. ; this diminished by 76 fiothings, or 19 pence, 
that is Is. 7d.f leaves 1062«. bd.f as above. 



1062 5 

48 at £6 10#. 
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48 at Is. l|i. 

54«. 
£312— £2 U9.=z 

£309 6«. 



amount for ^£: Ex. 3 might 

have been worked in this way:. 

but I shall illustrate what I mean 

by taking Ex. 5. Here we see, 

that by increasing the price by 

1#. 1-^9 it becomes £6 10«. : the 

correct result will therefore be 

found by computing the value of — ^_ 

48 articles at £6 ICX^., as at the bottom of last page, and 

subtracting from it the value of 48 at 1#. 1^ 

I shall work out for you only one more example, serving 
to show how you may sometimes combine Practice with 
Compound Multiplication to advantage: you will see that 
one part of the operation is performed by both methods. 

7. Find the value of 7cwt. 3qrs. 11 ll>s., at £2 13$. Id. per qr. 

As the price is per qr., we reduce the 7 cwt. 3 qrs. to 
31 qrs., so that we shall have to multiply the price by 31, 
and then to take parts for the odd 11 lbs. : the first of these 
operations is here given in two distinct forma 



£. 9, d. 
2 13 1x1 
10 

26 10 10 
3 

79 12 6 
2 13 1 



£. #. 

31 at 2 13 
2 
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Idf. 
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7 lbs. 
4 lbs. 



£. ». 
2 13 



d. 
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13 
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3i 
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6 
6 



£1 



lOi 



£82 5 7...for31qrs...£82 5 7 
1 10^ for 11 lbs. 



£83 6 5^ the value sought. 

Of the two ways of finding the £82 5$. 7J.9 the first is to 
be preferred as the easier. 

Note 1. It is worth while to observe, that whenever the 
price of a number of articles at an even number of shillings each 
is to be computed, the shortest way is to take only half the 
number of shillings, to multiply the given number by this 
half, and put down the doMe of the first figure of the pro- 
duct for skillin^M^ the remaining part of the product will be 
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PROPORTION. 

(67.) Four quantities are said to be in proportion when 
the first contains the second as many times and parts of a 
time, as the third contains the fourth, or when the complete 
quotient of the first, divided by the second, is the same 
abstract number as the complete quotient of the third divided 
by the fourth.* 

(68.) The complete quotient arising from dividing one quan- 
tity by another of the same kind is called the ratio of the former 
to the latter : thus the ratio of 6 to 3 is 2 ; the ratio of 6 to 
2 is 3 ; the ratio of 7 to 4 is If ; and so on. Matio is thus 
only another name for quotient : the first term of the ratio, 
that is the dividend, is called the antecedent ; and the other 
term, that is the divisor, is called the consequent. When, 
therefore, four quantities are said to be in proportion, or to 
form a proportion, you are merely to understand, that the 
ratio of the first to the second is the same as the ratio of the 
third to the fourth ; in other words, that if you were to divide 
the first by the second, you would get the same complete 
quotient, as if you were to divide the third by the fourth. 
For example, the four numbers, 12, 2, 18, 3, form a propor- 
tion, because the ratio of 12 to 2, namely 6, is the same as 
the ratio of 18 to 3. Instead of saying in words that these 
four numbers are in proportion, it would be sufficient to 
write them in a row, with dots between them, as follows: 
12 : 2 :: 18 : 3, which would be read, 12 is to 2^ as 18 to 
3 ; or, a« 12 is to 2, so is \^ to 3. You see that the two 
dots which separate the terms of each ratio, differ from the 
sign for division (-r-) only by the little mark between them; 
and, in fact, the notation just employed is only the same as 
12-r-2 = 184-3, and you may always regard a proportion in 

* The learner will obsenre, that I say here the same abstract numhsTf 
because a ratiOt implying the relation of one quantity to another with 
respect to the magnitude of them, can exist only between quantities of the 
same kind. It has already been seen (page 62), that division and quo-' 
tientf unlike tnultipUeation and product, are terms that are used in 
different senses : we are said to divide a concrete quantity by 4, when we 
take the fourth part of that quantity ; which fourth part we are accus- 
tomed to call the quotient. If division were restricted to mean the finding 
of how many times one quantity is contained in another, the operation 
just noticed would be excluded ; the term quotient is to be understood in 
this restricted sense when used for ratio. 
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this light ; indeed, you will often find the term proportion to 
be briefly defined as ^^an equality of ration" or quotients, 

(69.) I think, from this explanation, you clearly see the 
meaning of ratio^ as applied to ttoo numbers, and of propor^ 
tioriy as applied to four ; that if two numbers were proposed, 
you could tell the ratio of the first to the second ; and that if 
four were proposed, you could find out whether they were in 
proportion or not : thus, if the two numbers 24 and 6 were 
proposed, yon would know that the ratio of the first to the 
second is 4 ; that the ratio of 8 to 2 is also 4 ; and you would 
thus infer, that the four numbers, 24, 6, 8, 2, are in propor- 
tion; or, that 24 : 6 :: 8 : 2. Again; the ratio of 17 to 4 
is df , so that the four numbers, 24, 6, 1 7, 4, are not in pro- 
portion ; the ratio of the first to the second being greater than 
the ratio of the third to the fourth. In like manner, the ratio 
of 6 to 8 is •! or •} ; and the ratio of 15 to 20 is ^ or -^ ; 
therefore, 6:8:: 15 : 20; also, 6 : 8 :: 3 : 4. When 
you have once got an antecedent and consequent, that is, the 
two terms of a ratio, you can easily get another antecedent 
and consequent, that is, two other terms, in the same ratio ; 
and can thus form a proportion, having the given antecedent 
and consequent for the first two terms of it: suppose, for 
instance, you had 6 and 8 for antecedent and consequent, and 
yoQ wanted a proportion in which 6 and 8 should stand first ; 
you have only to remember, that the ratio of 6 to 8 is ex- 
pressed by the fraction |-, and that numerator and denomina- 
tor of a fraction may be multiplied or divided by any number 
you please, in order to get as many other suitable pairs of 
numbers as you choose : thus, since -Isl-s-^zrl^:!: -J^, 
&c., yon infer at once that all the following are proportions, 
namely, 6:8 :: 3 : 4; 6 : 8 :: 12 : 16; 6 : 8 :: 30 : 40; 
12 : 16 :: 36 : 48; and so on. And whenever you have 
two fractions equal to one another, yon may always convert 
the equality into a proportion^ and say, the numerator of the 
first is to its denominator, as the numerator of the second to 
its denominator ; or, instead of saying numerator is to deno- 
minator, you may, if you please, say denominator is to nu- 
merator, because if two fractions are equal, the equality 
remains, thongh we make the numerator and denominator 
of each change places; and it is because of this, that in 
any proportion we may make the antecedent and conse- 
quent of each ratio change places : thus, since it is true, that 
3 : 7 :: 9 : 21, it is also true, that 7 : 3 :: 21 : 9 ; and 

f2 
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since 3 : 7 :: 1^ : 3^, so also 7 : 3 :: 3^ : 1^; you, of 

3 lA . 
course, see that — = — i, since the latter fraction arises from 

7 3i 
dividing numerator and denominator of the former bj 2. 
From all this, it appears, that a proportion may always be 
converted into a pair of equal fractions^ and a pair of equal 
fractions into a proportion : the word fraction being here 
used in its widest sense, and applying to every quantity 
expressed in a fractional form. By thus replacing a pro> 
portion by two equal fractions, many properties of proportional 
quantities may be easily deduced; I shall here notice only 
two. Since 
first term third term fourth term second term 

second term "~ fourth term' third term "^ first term * 

second term 

it follows that fourth term = — ^ x third term, 

nrst term 

a property which indicates to us how we are to find the 

fourth term of a proportion, when only the first, second, and 

third terms of it are given. Of these three terms, the first 

two, that is, the first antecedent and consequent, must always 

be quantities of the same kind; I mean, that both of them 

must be either abstract numbers, or both of them concrete 

quantities, belonging to one class of quantities : if the first 

term, for instance, be money^ the second must be money ; 

if the first be time^ the second must be time; and so on. 

You must see the necessity of this from the very nature of 

ratio^ as defined at the beginning of this section ; it is the 

number of times the antecedent, or first term of the ratio, 

contains the consequent, or second term ; and therefore ratio 

is always an abstract number* 

(70.) This you must be careful to bear in mind, else you 

will run the risk, in finding the fourth proportional^ as it is 

called, to three given concrete quantities, of committing an 

absurdity at every step of your work, though you may bring 

out the correct result. I have shown to you above, how the 

fourth term, or fourth proportional, may always be found in 

an unobjectionable manner; you there see that you are to 

divide the second term by the first, and to multiply the third 

term by the resulting abstract number: you will thus get 

the sought fourth term, and always in the same denom^ina^ 

tion as the third term. If the terms of both the equal ratios 

constituting the proportion, or if the terms of only one of 
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tbese equal ratios, were abstract nnmbers, then we might 
deduce from the general property above, this other particular 
property, namely, 

first term x fourth term = second term x third term ; 
or, that the product of the extremes is equal to that of the 
means ; a statement which, you see, would be absurd, if the 
first and fourth, or the second and third, were both concrete 
quantities. 

(71.) If the first and second of the three given terms of a 
proportion were always abstract numbers, then, from what 
has just been shown, we could find the fourth term by mul- 
tiplying the second and third together, and dividing by the 
first, or cutting the product up into as many equal parts as 
there are uni^ in the first term : and this would, in general, 
be an easier way of getting at the fourth term, than by 
dividing the second term by the first, and then multiplying 
the third term by the quotient, as directed above. Now I 
wish you particularly to observe, that we may always proceed 
in the latter easier way, even when the first and second terms 
are concrete. You know you cannot divide one concrete 
quantity by another, till both are brought to the same deno- 
mination : having done this, your quotient is an abstract 
number ; — the very same abstract number that you would get 
if the common denomination of dividend and divisor were 
wholly disregarded, and the division performed on the ab. 
stract numbers simply. In the case, therefore, of the first 
and second terms of a proportion being concrete quantities, 
all you have to do is to reduce these quantities to the sam^ 
denomination ; then, leaving denomination altogether out of 
consideration, to employ only the resulting abstract numbers^ 
which you see may always be put instead of the quantities 
themselves: for the ratio^ or qtu)tient^ remains unaltered, 
whether the denomination (or the concrete unit) be preserved 
or suppressed. 

(72.) What is called the Rule of Three, or the Rule of 
Simple Proportion, is merely the method of finding the fourth 
term of a proportion when the first three are given. In most 
of the questions coming under this rule, the three given 
quantities do not occur in the order in which you would write 
them as three of the four terms of the proportion : in the 
question you will usually find that the quantities which stand 
first and third must stand first and second, or second and first, 
when arranged as terms of a proportion ; the following, for 
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instance, is such a qaestion: If 3 lbs. of sugar cost 16^^., 
what will 10 lbs. cost? Here, it is plain that the dibs, and 
the 10 lbs. must bear the same relation to one another, that 
is, must have the same ratio, as the price of the 3 lbs. to the 
price of the 10 lbs. Hence the stating of the question, as it 
is called, would be: dibs. : 10 lbs. :: 16^^.; or, suppressing 
the common denomination, lbs., of the terms of the first ratio, 
d : 10 :: 16^^. As the third term here is pence^ the want- 
ing fourth term, which is to complete the proportion, must 
also be pence. It is found agreeably to what is said above, 
by multiplying the 16^. by the 10, and dividing the pro- 
duct by the 3 ; that is, it is — 5-~ = 55d. The general 

rule for all questions of this kind is as follows : — 



(73.) Rule of Three, or Simple Proportion. 

Rule 1. Write down the three given quantities as the first 
three terms of a proportion, taking care that the third term is 
a quantity of the same kind as the required fourth term ; and 
according as this fourth term is to be greater or less than the 
third, so let the second term be greater or less than the first. 

2. Having thus stated the question, reduce the first and 
second terms to the same denomination, if they are not 
already the same as well in denomination as in kind; and 
then, disregarding the denomination^ consider the first and 
second terms to be abstract numbers, divide them by any 
number that will obviously divide both, and use the quotients 
instead; which, as they will be smaller numbers, may in 
general be more easily worked with. 

3. Multiply now the third term by the second, and divide 
the product by the first term, and the quotient will be the 
answer, or fourth term of the proportion ; and it will be in 
that denomination, whatever it be, in which the third term 
W£ks used. 

(74.) Note 1. It may be proper here to remind you, that the 
first and second terms of a proportion may be regarded as the 
two terms of a fraction ; and the third and fourth terms as 
the two terms of another fraction equal to the former. It is 
by viewing an antecedent and consequent in this light, that 
we perceive our right to divide both by any number we 
please; and further, that according as the first term of a 
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proportion is greater or less than tbe second, so mnst the 
third be greater or less than the fourth. This fact will be a 
snre guide to the correct stating of a Rule-of-Three question. 
A little attention to the question will always enable yon to 
see whether the fourth term you seek ought to be greater or 
less than the third, which is given ; so that you need never 
fall into the mistake of putting that term first which ought to 
be second. 

Note 2. As the fourth term or answer to the question is 
always got by multiplying the third term by the second, and 
dividing the product by the first, using the first and second 
as abstract numbers, you may regard the work as indicated 
by a fraetioriy of which the numerator is the product of the 
third term by the second, and the denominator the first term ; 
and as you may divide the numerator and denominator of a 
fraction by any number you please, you may obviously divide 
not only the first and second, but also the first and third of 
the terms, by any number that will really simplify them; 
and may work with the simplified results instead of with the 
terms themselves ; but you must be careful not to take this 
liberty with the second and third terms. An example or 
two will make you familiar with the process. 

Ex. 1. If 8 articles cost £21 4^., how much will 26 cost? 

Here the fourth term of the 
proportion, that is, the answer 
to the question, must be money ; 
we therefore make money the 

third term ; and as the required 

fourth term must evidently be 424 

greater than the third, we take 13 

care that the second term is 

greater than the first; and 1272 

therefore state the question as 424 

in the margin. We now look 

at the first and second terms, 4)5512 

and readily see that both will 

divide by 2; we therefore re- 2^0)137^8*. 

place 8 : 26 by 4 : 13 ; and as 

£21 4#. is not easily multiplied Ans. £68 18^. 

by 13, we reduce the compound 

quantity to the denomination shillings before using it; we 
then multiply the shillings thus obtained by 13, and divide 
by the 4, as the rule directs. We thus find that the fourth 
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term of the proportion, or tbe answer to the question, is 
£68 ISs. ; and we make the original stating complete bj 
inserting the fourth term, now found, in its proper place. 
The work would have been a little easier if, instead of first 
multiplying by 13 and then dividing by 4, we had first 
divided by 4 and then multiplied by 13; but if, after having 
replaced 8 : 26 by 4 : 13, we had divided the first and third 
terms by 4, the work would have been easier still ; for the 
stating would then have been 1 : 13 :: £5 6«., and we 
should have got the answer at once, by multiplying £5 6^. 
by 13, which of course is easily done; the first term being 1, 
no division is performed. 

2. If 19 cwt. of sugar cost £57, how much may be bought 
for £111? 

Here the answer must be weight ; 
we therefore put the given weight 
for the third term; and as the re- 
quired weight is greater than the 
given weight, of the other two given ■ 

quantities we take care to put the 333 

greater second ; the stating is there- 37 

fore as in the margin : and as we 

easily see, that instead of 57 : 111 1 9) 703 (37 cwt. A ns. 
we may put 19 : 37, we accordingly 57 

use this simplification. As 19 times 

37 is tbe same as 37 times 19, we 133 

find the product in the former way 133 

for convenience. But you see there 

was not, in reality, any occasion for multiplying at all ; for 
dividing the first and third by 19, the stating becomes simply 
1 : 37 :: 1 cwt. : 37 cwt.; so that the answer is got at once. 

From the remarks appended to the two examples here 
solved, you cannot but perceive the advantage of a little 
preliminary examination of your stating before you begin to 
apply the rule. The work given at length in the margin is 
intended more for your avoidance than for your guidance in 
similar cases. A little thought and ingenuity on your part 
will often do more for you than all the rules of arithmetic. 

3. What is the yearly rent of 47 ac. 3 roo. 21 per. at 
£l 4«. 6^. per acre ? 
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per. acroo.per. £. 8. d. £, a. 


d. 


160 : 47 3 21 :: 1 4 6 : 58 13 


liftr 


80 4 12 3 




19 
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Here the mo- 
ney must be the 
third term, 1 
acre or 160 per. 
the first, and 
the other quan- 40 14!7d. 

tity the second. ^— 

This latter must 7661 

be reduced to 147 

perches, in or- > 

der that the first 53627 

two terms may 30644 

be of one com- 7661 

mon denomina- 

tion, the com- 8^0)112616,7 

mon denominar- 

tion (perches) 12) 14077^. 
being disre- ' 

garded after the 2^0) 117,3 Id, 
redaction. Pre- 



viously, how- £ 58 ISs. l-^^ Ans. 

eyer, we may " 

simplify the first and third terms, by taking only the half of 
each. This done, the money, for convenience of multiplica- 
tion, is reduced to pence, and the work stands as in the mar- 
gin. The yearly rent is thus found to be £58 ISs, Id.; the 
fraction, which is only about one-third 
of a farthing, being disregarded. days. days. 

4. If 37 workmen can complete 57 : 37 :: 241 • 156ff 
a piece of work in 241 days, in 37 

how many days would 57 men ....^ 

finish it? 1687 

As the answer is to be days, 723 

241 days must be the third term ; ' 

and since the greater the number 57)8917(156^^ 

of workmen the less the time, the 57 

answer must be less than 241 

days; therefore the first two terms 321 

must be 57 : 37 ; and the work as 285 

in the margin, the number of days ^— - 

being found to be 156ff days. 367 

342 

f3 25 
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5. The following is an exarinple in fractions : If 1^ cwt. of 
lead cost d6|^. what will 3-}- cwt. cost ? 

Here, if we multiply the first H : 3-|- :: 36fff. : 98-|i*. 
and third terras by 8, we shall 10 : 3-| :: 29 1«. 
get rid of the fractions in those 291 x 17 
terms, and the stating will then 5 x io**~^^^^*^^ 
be as in the margin. The second £4 18« 11 -^ef 

term, reduced to an improper ' * ' 

fraction, is y ; hence, multiplying the 291«. by this, and 
dividing by the 10, we find the answer to be 98-|^. 

Exercises. 

1. If 17 lbs. cost 11*. Id,^ what will 23 lbs. cost? 

2. If 9 lbs. of tea cost £l 18*. 6^., what will 1 cwt. cost? 

3. What is the price of six cheeses, each weighing 52f lbs., 

at 5|J. per lb. ? 

4. If 28 persons reap a harvest in 36 days, how many will 

be required to reap it in 2 1 days ? 

5. If a garrison of 1000 soldiers have provisions for 9 

months, how many must be dismissed in order that the 
provisions may last 15 months? 

6. A besieged garrison has 5 months' provisions, allowing 

12 oz. a day for each man, but finding that it must hold 
out for 9 months, how much must each man have per 
day to make the provisions last ? 

7. What must be paid for 1 cwt. 3qr. 171b. of wool, at 

7*. 4^. per stone of 14 lbs. ? 

8. If 1787 cwt. 2qr. of lead cost £907 10*., what is that 

per fother of 19^ cwt. ? 

9. If the entire rental of a parish amount to £2500, and a 

poor-rate of £112 2s. is to be raised, what must a 
person pay whose rental is £525 ? 

10. If five-eighths of a ship be worth £525, what is the 

value -of three-fourths of three-sevenths ? 

11. In a single mass, weighing 3 cwt, found in July 1851, at 

about 50 miles from Bathurst, in Australia, there were 
discovered to be 106 lbs. of gold ; what would this fetch, 
at the rate of £3 6*. Sd. per ounce ? 

12. From Sept. 29, 1850, to Sept. 27, 1851, there died of 

the population of London, within the walls of the city, 
2978 persons, giving about 23 deaths for every 1000 
persons living at the latter date : what was the amount 
of population of that part of London in Sept. 1851 ? 
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18. From 1 lb. of standard gold, 44^ guineas used to be 
coined: how many eovereigne are now coined out of 
the same weight ? 

14. 1 lb. avoirdupois is heavier than 1 lb. troy; for 144 lbs. 

avoirdupois are equal to 175 lbs. troy: what is the troy 
weight of 1 lb. avoirdupois ? 

15. The imperial gallon contains 12 lbs. 1 oz. 16 dwt 16 gr. 

troy weight of distilled water : how many pounds avoir- 
dupois does it contain ? 

1 6. At what time between 7 and 8 o'clock are the hour and 

minute hands exactly in opposition, or in the same 
straight line ? * 

1 7. At what time between 5 and 6 o'clock are the hour and 

minute hands exactly together ? 

18. Eleven Irish miles are equal to 14 English miles: what 

is the length in English miles of a road which measures 
57 Irish miles ? 

19. A ream of paper contains 20 quires, and a quire contains 

24 sheets : what would be the cost for paper for 2500 
copies of a book containing 7f sheets, at I5s. 6d. per 
ream? 

20. The average price of wheat for the year 1830 was 64». 8d, 

per quarter; and for the year 1850 it was 40«. Sd. : the 
sixpenny loaf in the latter year weighed 4 lb., what did 
it weigh in 1830? 

21. The shadow of a cloud wa^ observed to move 36 yards in 

5 seconds : what was the hourly motion of the wind ? 

22. If a person pays £22 7s. 5d. for income-tax, at the rate 

of 7d. in the £, what is his income ? 

23. There are 18dwt. of alloy in lib. of standard silver; 

this 1 lb. is coined into 66 shillings : how much pure 
silver is there in 20s, ? 

24. What was the weight of the £275000 taken in silver 

coin at the doors of the Great Exhibition of 1851, in 
tons, cwts., &c. avoirdupois ? 

* In order to work this exercisoi the leaner must remember that the 
minute-hand moves 12 times as fast as the hour-hand, so that while the 
minate-hand goes over any space, the hour-hand gains upon it 11 times 
that space. Now, it is plain, that under the conditions of the question, 
the gain of the hour-hand will be 1 hour-space, the space from XII to I ; 
and it is required to determine what advance the minute-hand must make 
to allow of this gain, the space gone over by the minute-hand being 
always to the gain of the hour-baod as 1 to 11. By the same considera- 
tions the next question may be easily answered. 
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[|For additional exercises in this rule, the learner may take 
the examples already given nnder the bead of Practice.^ 



(75.) Double Rule op Three, or Compound Proportion. 

The Double Rule of Three is so called, because it implies, 
at least, two single Rule-of-Three statings, every question 
coming under this rule being resolvable into, at least, two 
questions, each of which may be worked by the single Rule 
of Three. This will be best understood by an example. 

Suppose 6 men can mow 9 acres of grass in 4 days, how 
many men will be required to mow 27 acres in 3 days ? 

This question may be divided into two, thus: 1st. If 6 
men can mow 9 acres in 4 days, how many men can mow the 
same in 3 days? Here, 3:4 :: 6 men : 8 men. Conse- 
quently, 8 men can mow the 9 acres in 3 days. 

2nd. If 8 men can mow 9 acres in 3 days, how many will 
be required to mow 27 acres in the same tim^e ? Here, 
9 : 27 :: 8 men : 24 men. It is plain, therefore, that the 
answer to the question is 24 men. 

In the first of these proportions, the fourth term is got by 

dividing the third term (6 men) by the ratio 3:4; that is, 

by multiplying by the fraction ^ : in the second, the fourth 

term is got by dividing what has just been found (8 men) by 

the ratio 9 : 27; that is, by multiplying by the fraction y. 

The answer to the original question is, therefore, obtained by 

dividing the third term in the Jirst stating by the product of 

the ratios 3 : 4 and 9 : 27, that is, by 3 X 9 : 4x27, or, by 

4x27 
multiplying by — — r-. The product of two ratios is called 

3x9 

their compound ratio^ and this is why the Double Rule of 

Three is called also compound proportion ; and examples in 

it are usually worked, not by working with the several ratios 

singly, as above, but by taking the compound ratio, at once. 

In this way, the stating of the above question would have 

been written as follows : 

q\ 2*7) '"' ^ °^^°* ^^^ is 3x9 : 4x27 :: 6 men; the 

fourth term of which proportion is — men = 4x3x2 

^ ^ 3x9 

= 24 men. There are sometimes more than two simple 
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ratios to be compounded: tbns, in the present example, it 
might have been a condition, tbat tbe 4 days occupied in 
mowing the 9 acres were 8 hours long, and that the days 
occupied in mowing the 27 acres were to be 12 hours long ; 
then, as the longer days would require fewer men, a third 
ratio would have been 12 : 8 ; so that only 3^, or -J, of 24 
men would have sufficed; that is, 16 men. 

I think you will now be prepared for the following general 
rule for all questions of this kind. 

Rule 1. As in the Single Kule of Three, put, for the 
third term, that one of the given quantities which is of the 
same kind as the quantity sought. 

2. Then, selecting any pair of the remaining quantities, 
like in kind, complete the stating, just as if these three were 
the only quantities given in the question, disregarding all the 
others. 

d. In like manner, take another pair, like in kind, from 
the given quantities, and place them under the former pair, 
and so on, till all the pairs are used; two dots, to signify 
ratio, being put between the terms of each pair ; and these 
terms being arranged, as to first and second, just as you 
would arrange them if they and the third term were the only 
quantities concerned, 

4. Multiply the third term by the product of all the con- 
sequents of these ratios, and divide the result by the product 
of all the antecedents : the quotient will be the answer. 

Note. The terms of each of the given ratios, together 
with the common third term, may be reduced, when possible, 
to smaller numbers, just as if they were the three terms of a 
simple Bule-of-Three stating; or the multiplications and 
divisions, implied in the rule, may be indicated by the signs 
for these operations ; and factors, common to multipliers and 
divisors, struck out before the operations are actually per- 
formed; the factors that may be struck out, will often be 
discovered, by merely inspecting the simple ratios as they 
stand: thus, in the example worked above, the stating 

3*4) 1*4) 

9 • 27 I •' ^ • may be replaced by - * > :: 2 : ; there- 
fore, 1 : 12 :: 2 : 24. It is plain, that a &ctor common to 
any antecedent and a consequent, may always be struck out, 
since the consequents are dl so many multipliers, and the 
antecedents so many divisors. 

Yoa willy of oouney nndentand, that what is called the common third 
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term in a double rule-of-three stating, is not the third term common to 
each of the single rule-of-three statings, into which the former may be 
decomposed ; although in arranging the terms of each pair of component 
ratios, you are guided as to whether the greater or the less 'should be 
placed first, just as if this third term were that of the corresponding 
single rule-of-three stating ; you may easily convince yourself that you 
can never be milled into a wrong disposal of the first two terms by thus 
consulting the third term. In the second single rule-of-three stating, the 
true third term is that which actually appears multiplied by a fraction, so 
that the true fourth term would be the fourth term corresponding to the 
third which actually appears multiplied by the same fraction ; and it is 
plain, that according as one quantity is greater or less than another, so 
will any fraction of the former be greater or less than that fraction of the 
latter ; consequently, in inquiring whether the third or fourth term be the 
greater, the fractional multipliers may be disregarded. 

Ex. 1. If 12 horses plough 11 acres in 5 days, how many 
horses would plough 33 acres in 18 days? 

Here, as the answer is to 
give the number of horses^ we 
put horses for the common third 
term; and, disregarding days, 
just as we should do if the 
number of days were the same 
in both cases, we consider 

merely the acres ploughed; 1: M..''^'.7o* Ans 
and as more horses are required i . « r • • 
for 33 acres than for 11, the 
first ratio is 11 : 33. Again; returning to the question, we 
now disregard acres, and consider only days ; and as fewer 
horses are required for 18 days than for 5 days, the second 
ratio is 18 : 5; hence the work stands as in the margin. 
The common factor 11 is struck out of 11 : 33, and the 
common factor 6 out of the first and third terms, 18 and 12 ; 
and, lastly, the common factor 3 is struck out of the con- 
sequent in the first ratio, and the antecedent in the second : 
with these simplifications, the work is reduced merely to the 
multiplication of 2 by 5. 

You will, of course, observe that the denomination^ com- 
mon to the first and second terms of each of the given ratios, 
is wholly disregarded in the work, the abstract numbers alone 
being used. 

2. If 15 men, working 12 hours a day, reap 60 acres in 
16 days, in what time would 20 women, working 10 hours a 
day, reap 98 acres ; 7 men being able to do as much work as 
8 women in the same time ? 
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As the answer here is to be days, we put the given number 
of days for our third term ; then 
regarding the number of workers 20 ! 151 , i 
only, just as if all the other con- 10 : 12 I . ^^\ 9fiiA 
ditions were the same, our first 60 : 98 [ " ' " 
ratio is 20 : 15, because 20 workers 7 : 8 J 
is to 15 workers as 16 days to a 15x 12 x98 x 8x 16 
less number of days ; next con- 20x10x60x7 "" 
sidering only the number of hours, 3x7x16 
as if these alone varied, the second — 5x5 — "^^"H" ^^7^- 
ratio is 10 : 12, as there must be Ans. 
a greater number of 10-hour days than of 12 -hour days, and 
our answer is to be in 10-honr days. Again, taking the acres 
only into account, the next ratio is 60 : 98 ; and, lastly, the 
ratio of a man's time of doing any amount of work to a 
woman's is 7 : 8. Hence the complete stating is as in the 
margin. The factor 15, as also the factor 4 in the 12, may 
be struck out from the numerator, and at the same time the 
factor 60 from the denominator. Again the factor 7 may be 
struck out from 98 in the numerator, and the same factor 
suppressed in the denominator ; we shall thus have the re- 
duced form, . Lastly, striking: out the factor 

20x10 •^' ^ 

4 from the 8 and the 20, and the factor 2 from the 14 and 

the 10, we have finally the fraction -^iiliii^= 2 6ff- It 

usually occupies less space to work our way to the final result 
in this manner, than to reach it by successive simplifications 
of the original stating, as in Ex. 1. That example treated in 

this way, would give at first the fraction : which, 

/' 11x18 

by striking out oommon £Bu;tors, becomes simply 5 x 2 or 10. 

JSaerdsM. 

1. If 14 horses eat 56 bushels of oats in 16 days, how many 

horses will 120 bushels keep for 24 days ? 

2. If a person walking 12 hours a day travel 250 miles in 

9 days,, in how many days of 1 hours each could he 
walk 400 miles, at the same rate ? 

3. If I2s, be paid for the carriage of 2 cwt. 3 qr. 192 miles, 

how much should be paid for the carriage of 8 cwt. 1 qr. 
128 miles? 
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4. If 3000 copies of a book of 11 sheets require 66 reams 

of paper, how much paper will be required for 5000 
copies of a book of 12^ sheets ? 

5. If 24 men can finish a piece of work in 36 days of 12 

hours each, in what time can 30 men do it when the 
working days are only 8 hours long? 

6. If 939 soldiers consume 351 quarters of wheat in 168 

days, how long will 1404 quarters last 11268 soldiers ? 

7. If the sixpenny loaf weigh 32 oz. 8 dwt when wheat is 

60s. per quarter, what should the eightpenny loaf weigh 
when wheat is 54s. per quarter ? 

8. If a family of 13 persons spend £64 in butcher's meat, 

in 8 months, when meat is 6d, per lb., how much money, 
at the same rate, should a family of 12 persons spend in 
9 months, when meat is 6^d. per lb. ? 

9. If the rent of a farm of 13 ac. 1 roo. 11^ per. be £50 

88. 9d.^ what should be the rent of another in the 
neighbourhood, containing 8 ac. 3 roo. 22 per., if 6 
acres of the latter be worth 7 of the former ? 
10. If £7 10*. be the wages of 15 men, who work 10 hours 
a day for 6 days, what ought to be the wages of 12 
men who work 9 hours a day for 18^ days? 



(76.) DECIMALS. 

I HATE already explained, at the commencement of this 
rudimentary treatise, that our notation for integers, or whole 
numbers, is the decimal notation, inasmuch as the value of 
any figure of a number is ten times as much as it would be if 
that figure were removed one place to the right, so that in 
writing the figures of a number in the usual way, from left to 
right, every figure we put down is, in value, only the tenth 
part of what it would be, if it were one place less in advance. 
Now, the whole number becomes completed as soon as we 
reach in this way the place of units ; but there is no reason 
why the decimal notation should not be extended to the right 
heyond the place of units, still considering the value of each 
figure we write down, to be only the tenth part of what it 
would have been, if written in the immediately preceding 
place. In this way, the first figure written after units^ 
would be tenths; the next figure, hundredth*; the next, 
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thousandthi ; and so on: and, to prevent confusion, wo 
should only have to put some mark of separation between 
the units and these fractional parts. This extension of the 
decimal notation is what we now have to consider. The 
mark employed to separate the decimal integers from the 
decimal fractions is simply a dot : thus, 234*625, means 234, 
with 6 tenths, 2 hundredths, and 5 thousandths ; it is there- 
fore the same as 234+-^+Tf7+'iiAn7- Each figure to the 
right of the decimal paint is thus a fraction of known deno- 
minator, although that denominator does not appear ; and 
such fractions are properly called decimal fractions, on 
account of the regular ten-fold increase of the denominators : 
for brevity, however, they are usually called simply decimals. 
This extension of the decimal notation is so natural and 
obvious, that you can have no difficulty in understanding it ; 
and as soon as an example of it is placed before you, you can 
as readily pronounce upon the value of a figure to the right 
of the decimal point, as you can pronounce upon the value of 
a figure to the left: the place next to units, on the left, is 
tens; the place next to units, on the riffht, is tenths; the 
place next to tens, on the left, is hundreds; the place next 
to tenths, on the right, is hundredths; and so on; thus, in 
the mixed number, 1234*5678, you could as readily tell the 
value of the 6 as of the 2, each of which is in a third place, 
the 4 being in the first, or units place : the value of the 2 is 
200, or 2 hundreds; the value of the 6 is -j^ or 6 hun- 
dredths : in like manner, the value of the 3 is 30, or 3 tens, 
and of the 5, ^, or 5 tenths; the value of the 1 is 1000; 
and of the 7, x^oir » *°^9 lastly, the value of the 8 is -nrSiny 
It is very convenient to be able to express, in this way, 
decimal fractions without the incumbrance of denominators ; 
and the more so, since, as you will presently see, all fractions 
may be converted into decimal fractions. From what has 
just been said, you see, that in order to express a decimal as 
a common fraction (sometimes called a vulvar fraction), you 
have only to write the figures of the decimal for numerator, 
and for denominator, to put 1, followed by as many zeros 
as will mark the place of the last decimal figure from the 
decimal point : thus, in the instance before given, it was seen, 
that -625 = ^+^4.^^»y^ which is obviously -]^y, the 
three zeros corresponding to the third place of the last decimal 
figure, 5. In like manner, -2438 = -A+Tfe-^T^+ ioobo 
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T^ + T^W = TiAfe^ ; and 80 on ; the number of zeros 
being always equal to the number of decimal places. There 
is one thing here that will no doubt occur to you ; it is this ; 
that although zeros immediately after the decimal point, that 
is, hefore the figures, materially affect the value of those 
figures ; yet, that zeros after them, haye no effect at all, and 
are quite useless : thus, 234*625 is the same as 234*625000, 
&c. ; and *0036 is the same as '0036000, &c. ; zeros inter- 
mediate between decimal figures, have, of course, the effect of 
pushing the figures which follow them, lower down in the 
scale: thus, -62 is t^+t^, but -602 is A+T?fco = -^i^ 
and -6002 is t^+tit*^ = ^Mh- 

(77.) The removal of the decimal point one place to the 
right, is equivalent to multiplying the decimal by 10; the 
removal of it two places to the right, is equivalent to mul* 
tiplying the decimal by 100 ; and so on : thus, *2438 x 10 = 
2*438, where each figure is 10 times what it was before; 
•2438 X 100 = 24*38 ; *2438 X 1000 = 243*8, &c. ; and the 
removal of the point in the other direction, is equivalent to 
dividing the decimal by 10, 100, &c. : thus, *2438H-10 = 
•02438 ; -2438 -f- 100 = *002438 ; 2438 -4- 100 = 2*438, 
&c. &c. All this is plain from the very notation of decimals* 

(78.) I shall now give you an example or two of con- 
verting decimals into fractions: 1. 17"5 = 17-5^ = 17-g-. 
2. 21*25 = 21^^ = 21^. 3. 146*75 = 146-5^ = 146^: 
you thus see, that \^ \^ ^, expressed in decimals, are *5, '25, 
•75. 4. 6-14 X 10 = 61*4 = 61^ = 6H. 5. 3*135 x 100 
= 313*5 = 313^. 6. 2*76-T-100 = '0276 = -^^ = -rHtr- 

It is further obvious, from the principles of the decimal 
notation, that when that notation is exchanged for the frac-- 
tional, aj8 in these examples, by writing the decimals without 
the point, and putting underneath, for denominator, unity, 
followed by as many zeros as there are decimal places, we 
may prefix to the numerator whatever whole number may 
have preceded the decimal : thus, 146*75 = 146-i2^ = ^fM" y 
17-5 = V^» ; 21*25 = ^^ ; 326*047 = ^^^\\ and so on. 
This is evidently only the same as reducing a mixed number 
to an improper fiuction. 

In writing decimals, you must be careful to put the decimal 
point against the upper part of the figures, not against the lower. 
When figures are separated by a point even with the lower 
part of the figures, the multiplication of the figures separated 
is understood, the point in that position standing in the place 
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of the sign x: thus, 3.7 is the same as 3x7, or 21, while 
3*7, is 3 and 7 tenths ; or, as it is usually read, 3 decimal 7, 
or 3 point 7 : in like manner, 24.36, means 24 X 36, while 
24*36, is 24 decimal 36, or 24 point 36; that is, 24 and 
36 hundredths^ and so on. It is necessary that you should 
keep in mind this new sign for multiplication, as it is very 
frequently used; so that, whenever you meet with such 
an expression as 2.3.7.4, you may know that it means 
2x3x7x4. There is another useful little sign of ahbrevia- 
tion, which it is high time you should be made acquainted 
with : it is the sign .'. , which is the mark, not for an opera- 
tion^ but for a word — ^the word therefore (or, consequently^ 
— a word of such frequent occurrence, in numerical inquiries, 
as to render a short sign for it very acceptable. Henceforth, 
I shall use this sign .*. for there/ore^ rather than introduce 
the icord in the midst of arithmetical work. 



(79.) To reduce a Common Fraction to a Decimal. 

Rule 1. Annex a zero to the numerator, which then take 
for a dividend, the denominator being the divisor: if the 
dividend be sufficiently large, find the first figure of the quo- 
tient ; but if it be too small to give a significant first figure, 
put zero for the first figure, and annex another zero to the 
dividend ; if this be still too small, put a second zero in the 
quotient, and annex another zero to the dividend ; and so on, 
till the dividend be large enough to give a significant figure 
in the quotient. 

2. If there be a remainder, conceive another zero to be 
annexed ; and continue the division, still annexing a zero to 
every remainder, till the ^ork terminates of itself, or till the 
quotient has been carried to as many places as may be re- 
quired : this quotient, with the decimal point before it, will 
be the value of the proposed fraction in decimals. 

Note. It will be enough if we maffine the zeros to be annexed as above, 
without actually inserting them. Should the diviaion not terminate of 
itself, but admit of being carried on to any extent, then, at whatever point 
we stop the work, an unused remainder will be left ; so that the decimal 
quotient will not, in strictness, be the complete value of the fraction ; but 
the process may always be extended so far as to render the correction of 
the quotient too minute to be worth notice. It may indeed be made to 
become as small as we please. If the fraction be an improper fraction, 
the quotient will of course be partly integral and partly decimal, the 
decimal point occurring as soon as we begin to add zeros. 
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Ex. 1. Reduce | to a decimal. 8) 7000 . ? —. .g'^5 

2. The value of V is 12-8. -875 ** ® 

3. In like manner, y s= 1*875, and eo on. 

4. Reduce -^^ to a decimal. 

From the operation in the margin, 256) 1500 (-05859375 
it appears that 150 is too small to 1280 

give a significant figure, so that the 

first figure of the quotient is 0. We 2200 

see also that the remainders become 2048 

exhausted only after eight decimal 

places are obtained in the quotient: the 1520 
value of the proposed fraction, which 1280 
might have been got by short division, is — — 
therefore, accurately, *05859375. 2400 

(80.) The value of the last decimal is 2304 

so small a part of unity, namely, the part ■ 

i6006o066^ as to be in most practical 960 

matters quite unworthy of consideration ; 768 

we might therefore have stopped the pro- 

cess before arriving at this place, without 1 920 

troubling ourselves to see whether the 1792 

work would spontaneously terminate or 

not. When an end is in this manner put 1280 

to the operation, it is customary and 1280 

proper to notice what the next figure 

would be if another step in it were to be 
made. Should this next figure prove to be a 5, or a figure 
still greater, then the figure at which we stop is increased by 
1, because by so doing we secure the greatest possible ac- 
curacy for our result, as far as the operation has been carried. 
Thus, if we had stopped at the 7, in the present instance, we 
should have changed the 7 into 8, foreseeing, as we might, 
that the next figure would be 5, and knowing that if this 5 
had been brought out, a 5 added to it would have converted 
the 7 into 8, while a 5 taken away from it, — ^that is, the 
suppression of the 5, would have left the 7 as it is. The 
error of adding a 5 or taking it away is, of course, the same ; 
only in the one case it is an error in excess, and in the other 
case an error in defect. So feir as accuracy, or the nearest 
approach to the truth, is concerned, it is here matter of in- 
difference which plan we adopt ; but it seldom happens that 
the work terminates at the figure next to that at which we 
stop ; more figures would in general follow ; so that the pro- 
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liability is, that by increasing our last figure by unit, when 
we foresee that the next figure that would arise is a 5, our 
error in excess is less than our error in defect would be if we 
were to suppress this 5, and all the following figures with it, 
and leave our last figure unaltered. When the next figure is 
greater than 5, the propriety of the alteration is obvious ; so 
that by increasing the figure at which we stop by I, whenever 
the next figure is foreseen to be 5 or greater, we generally 
attain a closer approach to the truth than we should do by 
leaving our last figure unaltered, and can never be farther 
from the truth. If the preceding result had been restricted 
to six places of decimals, it would have been '058594 ; if it 
had been restricted to five places it would have been *05859 ; 
if to four places, *0586 ; and so on. And such is always the 
plan whenever superfluous decimals are suppressed. You 
will have to observe it in working the examples below. 

(81.) The reason of the operation just performed is easily 
explained : the fraction -^ is equal to 2V6WoWoy6 ' ^^^^ ^^ 
dividing numerator and denominator by 256, it is equal to 
i8So8SSoo> which, in the decimal notation, is '05859375; 
thus the equivalent decimal is obtained by dividing the 15, 
with the requisite number of zeros annexed, by the 256. 
And a similar explanation applies to every case. 

Exercises, 
Reduce to decimals the following fractions, namely, 
1- TOT* 2. -g-y. 3. tVt' ^* imy 

5 ,4^ 6 ,i4_ 7 151 8 ii 

*'• T5T' ^' i 1 2 9* 20' 758* 

9. loff 10, f of§. 11. I^of^. 12. 4ofAof6, 



(82.) Addition and Subtraction op Decimals. 

Yery little need be said as to the addition and subtraction 
of numbers involving decimals. Just as in integers, we must 
be careful in these operations to place units under units, tens 
under tens, and so on ; so here we must, in addition to this, 
be also careful to place tenths under tenths, hundredths under 
hundredths, and so on : that is, we must keep the decimal 
points all in the same vertical line or column, as in the 
examples following. 
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Addition, 



23-462 

7-38 
26-151 
53-84 
76 

2-3584 

189-1914 



•3258 
4-70234 
15-1602 

-0043 
37-10021 
18 

75-29285 
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Subtrciction. 

683-2031 -826542 
479-8627 



203-3404 

2-06853 
1-72946 

-33907 



•71836588 

•10817662 

1-4310063 
1-3648163 



•06619 



Exercises. 

1. Find the value of 27*62 + -358 + 17*3 + 61 + -007 + 173-1. 

2. 5862-93+38-041 +101 + 176-4 + -0004 + 265-04. 

3. 38502 + 18-176— 703— 11-11 — 21-625 + 5-328 + -061. 

4. 1-0628 + 123-51— 26-04 + 13— 18-261 + 12-403--082. 

5. •623 + -0042 + -79—-31— -002 + -11 + -08— -0003. 

6. 246 + 187— 5-613— 19-148— 7-03—104-6+-0018. 



(83.) Multiplication. 

Rule. Place the multiplier under the multiplicand, re- 
gardless of the decimal points, and proceed as you would with 
integers. Having thus got the product, mark off from it as 
many decimal places as there are decimal places in hoth the 
factors together, and the correct product will be obtained. 
If the product terminate in zeros, these need not be inserted, 
but they must be taken into account in pointing off the 
decimal places ; and if there should happen to be fewer figures 
in the product than there are decioLals in the factors, zeros 
must be prefixed to the product to make up the deficiency ; 
and the decimal point is to be placed before them. 

Ex. 1. Multiply 325-201 by 2-43. 

Here the product, disregarding the decimal 

points, being found, as in the margin, ^t^e figures 

of it are to be pointed off as decimals, because the 

number of decimals in both factors amounts to 

five. 

From looking at the foot-note in next page, 

you will see that the work may be abridged, by 790*23843 
simply multiplying the first partial product by 8. ' 



325-201 
2-43 

975603 
1300804 
650402 
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2479590 
1653060 
1239795 



2. Multiply 4132-65 by -346. • 4132-65 
, Here, proceeding as in the margin, the ter- -346 

minating zero of the product is suppressed as 
useless ; but as five decimals are to be pointed 
off, of which one has already been removed, we 
point off but four. 

The work of the next example following may 

be' shortened by multiplying the first partial pro- 1429*8969 
duct by 3, as explained in the foot-note below. 

3. Multiply -217 and -0431 together. 
Here the product consists of but five figures, 

while there are seven decimals in the factors ; 
therefore two zeros must be prefixed, and the 
decimal point placed before them. To show 
the correctness of the operation, it will be 
sufficient to examine what is done in an ex- 
ample. Thus, the factors in Ex. 1 are 325-;^^^ 
and 2-^; that is, they are ^^J^^ and f^; 

the product of these is — ,^^,^^ — : the five zeros in the 
^ lOOOOO 

denominator implying that when the multiplication in the 

numerator is performed, Jive places must be pointed off for 

decimals. And it is plain, that in all cases by treating the 

factors in this way, the divisor will be 1, with as many zeros 

ajs there are decimal places in both factors. 



•0431 
-217 

3017 
431 

862 

•0093527 



Exercises, 



1. 32-605x6-417. 

2. 183-52 X -734. 

3. 43-92x2600, 

4. -038 X -072. 

5. -0037 X -00021. 

6. 2-46 X -321 X -07. 

7. 1-73 X -032 X -0105. 



8. 24000 x^0016x -35. 

9. 2-016 X 3-004 X -0756. 

10. 273-4 X -036 X -004. 

11. 21000 X 1-02 X -0268. 

12. 1-4 X 04 X -4 X 004. 

13. 71-380164x2-7354.* 

14. 138-6147 X 5-2575 X -03. 



(84.) Contracted Multiplication. 

I have now to introduce to your notice some'considerations 
of especial importance in the multiplication of decimals, to 

* It may not be amiss to point out to the learner here, that whenever 
a mnltiplier has figures side by side, which, when taken by themselves, 
form a number that is a multiple of some other figure, or of a number 
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which I must urge yonr particular attention, because although 
commonly adverted to in books on Arithmetic, they are 
usually presented in a way very much calculated to mislead. 
I have already told you, that decimals are frequently — far 
more frequently than otherwise— given in an incomplete form, 
because the complete form would often require an interminable 
extent of figures. I have told you (page 116), that it is cus- 
tomary, in such cases, to write down only a limited number 
of decimals, and to compensate for the figures omitted, by 
adding a unit to the final figure we retain, whenever the row 
of omitted figures commences with 5, or a figure greater than 
5 ; but to make no compensation when this commencing 
figure is less than 5. In the comparatively few cases that 
may occur, in which the decimals we work with are really 
completBy we may multiply such decimab together, as above, 
and may be sure that our products are correct in every 
figure: but in the great majority of instances actually 'pre- 
sented to us in practice, the decimals are curtailed, as just 
noticed; and, consequently,, the last figure of every such 
decimal is not strictly correct : the error may be to the extent 
of half a unit in the place that last figure occupies. 

The last figure of our multiplier being thus, in general,, 
incorrect, it is plain, that the entire row of figures produced 
from it must be incorrect; or, at least, except under very 
favourable circumstances, that is, except when the error in 
our multiplier is very minute, the whole row, after one or 
two of the leading figures of it, must be incorrect 

In like manner, the final figure of our multiplicand being 
erroneous, in multiplying it by the successive figures of our 
multiplier, the products which arise from it must need cor- 
rection; so that when all the partial multiplications are 
executed, and we proceed to add up, we must feel that, for 

formed by any of the adjacent figures, ai in the present example, the work 
may be abbreviated into a sort of short multiplication, tbos :— 
71 -380164 
2*7354 



214140492 = the product by 3, or 300. 
1927264428 = the foregoing prod, by 9, for the 27, or 27000. 
3854528856 = the last product by 2, for the 54. 

195 -2533006056 = the complete product. 

The work of Examples 9 and 14 may be abridged in the same way. 
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27-14986 
92*41035 



1 


3574930 


8 


144958 


271 


4986 


10859 


944 


54299 


72 


2443487 


4 


2508-928 


065051 



seyeral steps of this addition, we are really adding up wrong 
figures ; and, consequently, that, as far 
as the influence of these reaches, our 
final product must he erroneous. I will 
give you an example. Suppose we have 
to multiply 27*14986 hy 92-41035; 
and suppose, moreover, thaX these deci- 
mals had resulted from curtailing others 
of greater extent; as, for instance, 
27-149855213, &c., and 92*41034604, 
&c. : we should obtain the product of 
our proposed factors, as in the margin : 
but i^ instead of five places of decimals 
in our factors, we had taken six, we 
should have had 

27*149855x92*410346 = 2508-927|49439983. 

It is very plain, therefore, that the small error introduced 
into the fifth decimal of the factors, employed in the margin, 
has sufiicient influence on the product, to render all the deci- 
mals of it, after the first three, widely erroneous. Even the 
third decimal difiers by a unit from the more correct product 
above ; but this latter is itself not strictly accurate, because 
advanced decimals have still been omitted in the factors : if 
the 213, &c., had been included in our multiplicand, all the 
decimals, beyond the vertical line, that is, beyond the 7, 
would have been afiected ; so that the 4, at present next to 
the 7, would have been a 5: we may conclude, therefore, 
that the product found in the margin is true, to the nearest 
unit, as far as three places of decimals; but that all the 
figures beyond these three should be expunged, as necessarily 
erroneoua In most books of Arithmetic, you are told, that 
these advanced decimals should be omitted, because they are 
superfltiotM^ giving to the result a degree of minute accuracy 
not usually requisite in practical matters : but you see, from 
what is here shown, that they should be omitted, because no 
confidence can be placed in them, because, in fact, they are 
all wrong, and are no more worthy of being retained in our 
result than any row of figures written down at random in 
their place. 

(85.) The practical conclusion you are to draw from what 
haj9 now been said is this: when you multiply two fisustors 
together, the decimals in which have been curtailed, as here 
supposed,' in adding up the partial products, disregard the 
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Sams of all tke eolamna up to that colomn, indiisirey in 
which the final figure of the last partial fHrodnet is placed, 
and retain only the decimalB fiHrnulied by the remaining 
oolnmnB. The last of the decimals thns retained ehoold be 
increased by unit, if the first of the dismissed figures be a 5, 
or a greater number. In the marginal work above, a yertical 
line is drawn, cutting off the colnmns, of whidi the sums 
con^bnte nothing but inaocnmcy to the result. It wiU, of 
course, occur to you, tliat it would save much waste labour 
if we could be spared the wotk of these inaccurate columns ; 
and you will be glad to find that this may be done by a Very 
simple contrivance. It was easy to foresee, before com> 
mencing the operation above, that seven decimals would have 
to be suppressed in the result; and, therefore, l^at three 
decimals only were to be retained : our object, then, would 
be to limit our operation to just so much work as would be 
necessary to furnish us with these three decimals ; but as it is 
desirable that we should know what the fourth decimal 
would be, in order that the third may be as oorrect as we can 
make it ; that is, in order that the third may be increased by 
a unit, should the fourth be a high figure, we ought to be 
able to get /(mr decimals in our result, and then to limit it 
to three, which may be presumed to be correct in the last 
figure to the nearest unit: we have, therefore, to multiply 
27*14986 by 92*41035, so as to give only /our pkces of 
• decimals in the product : this is done as fcdlows : 
place the units figure of the multiplier under 27*14986 
the fourth decimal of the multiplicand, and then 5301429 

write all the othe'T figures of the multiplier, so 

as that the entire row may be reversed : then, 24434874 
in proceeding with this inverted multiplier, ob- 542997 

serve the following caution : reject all the figures 108599 

of the multiplicand which lie to the ri^ht of the 2715 

figure by which you multij^y, carrying, how- 81 

ever, from these rejected figures, whatever would 14 

have been carried if they bad been retained ; and 

write the ^rst figwre you get, in each partial 2508*9280 

product, in the same vertical line^ as in the ' 

margin, and you will thus find the product, 
2508 '92 8, true to three places of decimals. The figure in 
the units place of the given multiplier being 2, this 2 is first 
put under the fourth decimal figure of the multiplicand; after 
which the inverted multiplier is completed, and the work 
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carried on agreeably to tbe preceding directions. Bj com- 
paring it with tbe more lengthy operation before given, you 
will see that the ^partial products, as far as they aa»e required, 
arise in reverse order, and are correct, as far as they go, to 
tbe nearest unit: you wiil, of course, observe, that, in the 
carrytn^ from tbe r^ected figures of tbe multiplicand, tbe 
uniform principle of compensating for a rejected 5, or greater 
figure, by adding a unit to the figure on the left of it, is to 
be attended to, and applied : thus, in multiplying by the 1, 
tbe product, arising from the 9 in the multiplicand, on the 
right, is rejected, but a compensating 1 isjcarried to the next 
product ; tibat is, we say, once 4 is 4, and 1 carried makes 5. 
In like manner, when we reach the last figure, 5, we say, 
5 times 7 are 35 ; carry 4 : 6 times 2 are 10, and 4 are 14. 

This example, with the explanations that have accompanied 
it, will sufficiently prepare you for the following rule. 

(86.) To find the Product of Two Factors^ containing 
Decimals^ to a proposed Number of Places. 

RuLB 1. Count, from the decimal point in the multipli- 
cand, as many decimals, annexing zeros if the decimals are 
too few, as you wish to secure decimal places in the product. 

2. Under the last of these, put the unit-fi^re of the mul- 
tiplier^ or a zero, if there be no unit-figure, and then intro- 
duce all the other figures of it, so that the entire multiplier 
may appear with its figures in reverse order, 

3. Multiply by the several figures of this reversed mul- 
tiplier, neglecting, however, all those in the multiplicand to 
the right of the figure you are using, but, at the same time, 
carrying what would be carried, if nothing were neglected, 
and, moreover, carrying an additional unit, if 5 or a greater 
figure be rejected from tbe product. 

4. Let each terminating figure of the partial products thus 
found, form one vertical column; the first column to be 
summed up in the addition process : then, when this process 
is completed, you will have the product required, the decimal 
point being so placed, as to mark off tbe proposed number of 
decimals. 

(87.) When the decimals in each of your factors are strictly 
true to the last figure, and your product is to be applied to a 
purpose, for which so many exact decimals as would make up 
the number in both the factors are not necessary, you may, 
by this rule, limit the number brought out to as few as you 

g2 



124 



ABITHMETIC. 



please. It is, therefore, matter of choice with you, whether, 
in such a case as this, you take the trouble to work your 
example in full, and thus give to your result a needless 
degree of minute accuracy, or content yourself with only the 
amount of accuracy really wanted ; and use, for this end, the 
contracted method : but remember, you have no choice when 
the decimals in your £a.ctors are not thus each of them com- 
plete and accurate in the final figure ; you must then use the 
contracted method, not to dispense with needless accuracy, as 
above, but in order to preclude absolute error. In this case, 
you should count all the figures of that factor which contains 
the greater number, and so many figures of the uncontracted 
product, cut off from the right hand, should be expunged, 
not as merely useless^ but as erroneous. You must, there- 
fore, so apply the preceding rule, as to exclude, from the 
product, just this number of figures. Note, If one of the 
factors be quite correct, then ouly so many figures as this 
contains are to be rejected. 

The following examples will sufficiently illustrate the 
application of the rule. 

1. Multiply 348-8414 by 51-30742, so as to 
preserve only four decimals in the product. 

Here, reversing the multiplier, sifter having 
taken care to put the 1 in the multiplier, under 
the fourth decimal of the multiplicand, we see, 
that a vacant place occurs in the multiplicand 
over the final figure 5 of the reversed mul- 
tiplier : we therefore supply this vacant place, 
by putting in it a 0, and then multiply, as in 
the margin. The result may be considered as 
correct, as £a.r as it goes, provided the factors 
producing it, have no error in their last deci- 
mals ; but, if we are not assured of this, then 
we cannot depend upon more than the first two 
decimals, for since the complete product would 
have nine decimals, and that each factor has 
seven figures, 9— 7 = 2, expresses the greatest 
number of decimal places in the product that 
can be relied upon, with any confidence. The 
work would, therefore, be as here annexed : the 
1 in the multiplier being now placed under the 
second decimal of the multiplicand. As the 2 
in the multiplier has no figure above it, the 
product by this 2 is, of course, 0, but as the 



348-84140 
2470315 

174420700 

3488414 

1046524 

24419 

1395 

70 

17898-1522 

348-8414 
24703150 

1744207 

34884 

10465 

244 

14 

1 

17898-15 
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prodact of the preceding 3 by the 2 is so great as 6, we carry 
1 on that account, and the insertion of this 1 completes the 
multiplications. 

2. Find the product of '339377 and 325, to as many 
places of decimals as can be depended upon. 

Here, as the multiplier, which is without error, '339377 
has three figures, and as there are six decimals 5230 

in the Actors, only three decimals are to be 

preserved in the product, which is, therefore, 101813 
110*297. If we had computed U> four places of 6787 

decimals, we should have got 110*2975. As 1697 

already noticed, we may always compute to 



one place more than the number of places to 110-297 
be preserved, and may increase the last of the 



preserved figures by unit, if the additional figure be so great 
as 5 : in the present case, 110*297 and 110*298, may be con- 
sidered to be about equally correct. 

Exercises, 

1. Multiply 480*14936 by 2*72416, and retain in the pro- 

duct only four decimals. 

2. Multiply 15*917127 by 30*31667, retaining as many 

decimals as may safely be depended upon. 

3. Multiply 1*7958563 by 30*31667, to four places of de- 

cimals. 

4. Multiply '62311052 by 170, to six places of decimals, 

which is one more than can be strictly depended upon. 

5. Multiply 1*628894 by 214*87, retaining no decimals that 

cannot be relied on. 

6. Multiply 81*4632 by 7*24651, retaining only three de- 

cimals. 

7. Multiply 3-7719214 by -4471618, retaining aU the de- 

cimals to be depended upon, namely, six. 

8. Multiply -053407 by *047126, retaining all the decimals 

that are likely to be correct. 

9. Multiply 325*701428 by -7218393, preserving only three 

decimals in the product. 
10. Multiply *63942, &c. by -53217, &c. 

Note. It is proper to state here, that from our ignorance of the true 
value of the decimals suppressed in our fiictors, and compensated for by a 
modification of the last decimal that is retained, and from the like modi- 
fication of the last decimal in certain of our partial products, we cannot 
always be quite sure that the last decimal in our contracted product is 
invariably true to the nearest unit. It may in unfavoarable cases err to the 
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extent of a unit ; but it may generally be relied on a« the true product to 
within this amount of error. An error to the extent of two units^ in the 
last figare is highly improbable. In thus speaking of the occasional de- 
parture from strict accuracy in the final decimal of our contracted pro- 
duct, it is to be understood, that the accuracy adverted to is that which 
the result would have if the suppressed decimals in the factors were 
restored. If it be of oonsequeace, in any particular calculation in which 
we may be engaged, that the final decimal preserved in the product 
should be strictly correct, the safest way will be to compute, by the 
contracted method, to one or two decimala beyond those which are to be 
preserved, and then to dismiss them from the product. Many important 
money calculations are performed by decimals ; and it is necessary tiiat 
the computer should be cautioned against the very prevalent mistake of 
supposing that his accuracy is increased as he increases the number of the 
retained decimals. The contractions in this article are recommended, not 
on the score of brevity, but with a view to the securing of strict truthfiil* 
ness as far as it is attainable. An error of a unit in the second decimal of 
a result expressing pounds is only about 2^d. : a like error in the third 
decimal is less than one farthing. In any inquiry in which it is of con- 
sequence to secure accuracy in the decimals or integers of a product, 
beyond the places furnished by contracted multiplication^ we may pro-^ 
nounce such accuracy to be unattainable, till our factors, erring as they 
do in the final decimal, be rendered more correct by the insertion of 
additional places. It is most remarkable, that in many of the modem 
books on arithmetic, in extensive use in instruction, not a word is said 
about contracted multiplication and division of decimals ; the time and 
labour of the learner is occupied in working out long strings of figures, 
which the authors ought to know are all worthless, because all wrong ; 
and what is worse, the pupil is all the while under the delusion that this 
useless labour is essential to the accuracy of his result. 



(88.) Division op Decimals. 

Rule 1. If the diyisor and diyidend have not tke same 
number of decimals, annex zeros to make the number of 
decimal places equal. 

2. Imagine the decimal points to be suppressed,, and pro- 
ceed as in division of integers, only with this difference, 
namely, if the divisor be greater than the dividend, annex a 
zero to the dividend : if the divisor be still the greater, put 
zero for the first figure of the quotient, and annex another to 
the dividend ; and so on, putting a zero in the quotient for 
every zero annexed to the dividend, after tke first. 

3. Having thus made the dividend sufficiently great (dis- 
regarding the decimal points) to contain the divisor, carry on 
the work as with whole numbers, annexing a zero to every 
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remainder that arises after the figures of the dividend have 
been brought down, till as many decimals as are wanted are 
obtained m the quotient, or till the operation ends of itself. 
The number of zeros,, employed in this latter way, together 
with whatever zeros the quotient may have commenced with, 
will be the same as the number of decimal places to be 
pointed off in the quotient. Or you may count all the 
decimals used in the dividend, including, of cou^e, every 
zero annexed to a remainder : the difference between this 
number of decixoals and the number of decimals in the given 
divisor will be the number of decimals in the quotient. 

Note. You will often find this latter to be the most con- 
venient way of finding the places to be pointed off in the 
quotient,, as you may then dispense with adding zeros to the 
divisor wh^i it has fewer decimals than the dividend. 

Ex. I. Divide 721-17562 by 2-257432. 

Here the operation in 

2-2574a2)721-17562(319-467, &c. 
6772296 



the margin has been car- 
ried on till nine decimal 
places of the dividend 
have been used, namely, 
the five decimal figures 
originaQy given, and four 
zeros besides. And since 
there are six decimal 
places in the divisor, 
three places must be 
pointed off in the quo- 
tient, agreeably to the 
note above. If we had 
proceeded strictly by the 
rule, and had written the 
dividend 721-175620, in 
order to make the num- 
ber of decimal places the 
same as in the divisor, 
we might have intro* 



4394602 
2257432 

21371700 
20316888 

10548120 
9029728 

15183920 
13544592 

16393280 
15802024 



591256 
&c 
dueed the decimal point in the quotient as soon as the divi- 
dend thus written bad been exhausted ; that is, as soon as the 
third figure 9 was found. 
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2. Divide 5714 by 8275. 

Here, it is easy to see 8275-000)5-7140000(-0006905 

that the quotient will com- 49650 

mence with zero ; therefore 

afiDexiDg three zero deci- 74900 

mals to the divisor, since 74495 

there are three decimal 



42500 
41375 

1125 



places in the dividend, and 
imagining the decimal 
points removed, we pro- 
ceed by the rule, as in the 
margin, adding four zeros 
to the dividend, in order to make it large enough for the 
divisor, and consequently putting three zeros in the quotient. 
It is usual, however, to omit the zeros in divisor and divi- 
dend, and to proceed ^ if they were inserted ; or, having no 
regard to the terminating zeros in the divisor at aU, to per- 
form the work agreeably to the note, leaving a gap at the 
beginning of the quotient, if a zero is foreseen to commence 
it, and then to complete the decimals as the note directs. 

3. Divide -079085 by -83497. 

The work of this example, 
freed from unnecessary zeros, is 
as in the margin : the last deci- 
mal 6 is a little too great, but 
is much nearer the truth than 5. 
The zero with which the quo- 
tient commences is put in last. 
We see that the eleven decimal 
places used in the dividend, 
diminished by the five in the 
divisor, leaves six for the num- 
ber of places in the quotient, so 
that a zero must be prefixed to 
the decimal figures to make up 
the requisite number. 

(89.) The reajson of the directions given in the rule is 
obvious, when the decimal places in dividend and divisor are 
made the same in number, by the addition of zeros should 
need be; the suppression of the decimal point is merely 
equivalent to multiplying each by unity, followed by as many 
zeros as there are deciinal places in each ; so that the value 
of the quotient is undisturbed by these changes. It follows 



•83497) -079085 (094716 
751473 

39377 
333988 

59782 
584479 

13341 
83497 

49913 
500982 
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also from maltiplication, that the decimal places in both 
divisor and quotient must make up the number of places in 
the dividend. 

The quotients obtained in the preceding examples are true 
in all the decimals only on the supposition that the final 
decimal in both dividend and divisor is strictly correct. This 
however is not generally the case ; as it usually happens that 
a number consisting of several places of decimals is only an 
abridgment of a number with more decimals, as already 
explained. The last decimal of such a number is therefore 
always affected with some error, — some fractional part of the 
nnit to which it belongs; and to prevent the influence of this 
error in the quotient of two such numbers, all that part of 
the work which the error affects should be lopped off, and the 
operation confined within trustworthy limits, as in contracted 
multiplication. In the following examples the decimals are 
supposed to be unaffected with error. 

Exercises. 
Find each quotient to three places of decimals. 



1. 267-15975^ 1-25. 

2. 5-474558-7-0325. 

3. 325-r-l-0125. 



4. 519-62-4-7849. 

5. 47-298-^6-029. 

6. 3176-82-^-09317. 



(90.) Contracted Diyision. 

Contracted Division, like Contracted Multiplication, is a 
method of finding the result sought to as many figures as can 
be safely depended upon, without introducing into the opera* 
tion any more work than what contributes to this object. 
The rule is as follows : — 

Rule 1. Find the first figure of the quotient as in the 
uncontracted method, and thence the first remainder. 

2. Instead of annexing a new figure from the dividend, or 
a zero, to this remainder, keep it as it is, and employ the 
diyisor with its final figure cut offior the next step. 

3. In like manner use the second remainder, and the 
diyisor with two figures^ cut off for the next step ; and so on 
till all the figures of the divisor have been dismissed. It 
must be observed, that what would be carried from the figure 
eat off step after step, is still to be carried in multiplying the 
quotient figure by the curtailed divisor. 

G 3 
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If the divisor haye more figures than the dividend, zeros 
may, of course, be annexed to the dividend; but then that 
portion of the work in which these zeros are brought into use 
cannot be depended upon, unless the last figure of the divi- 
dend be strictly accurate. When such is not the case, therefore, 
the overplus figures of the divisor should be cut off before 
eommencing the division, if incorrect figures are to be ex- 
cluded from the quotient. 

1. As an example, let that at page 127 be taken; that is, 
let the value of 721'17562-f-2*257432 be required to as many 
decimals as can be depended upon. 

As no decimals are to be 2-257432)721-1756(319-4672 

brought down to be annexed 6772296 

to the remainders, the final 2 

in the dividend is suppressed 439460 

as useless. The first figure 3 225743 

of the quotient is multiplied 

into the entire divisor as it 213717 

stands; for the next quotient 203169 

figure 1, the divisor is cur- 

tailed by a figure, and a dot 10548 

is put under this figure 2 to 9030 

remind us of this : for the 

quotient figure 9, the cor- 1518 

responding divisor is 2*2574, 1354 

another dot being put under 

the 3, to imply that it is no 164 

longer to be used, except for 158 

what is carried from it: as 

3 X 9=27, the figure carried 6 

from it is 3. In this manner 

the operation is continued till the divisor is reduced to the 
single figure 2, and the work ends. This divisor 2, of the 
last dividend 6, gives only 2 for quotient ; because if we try 
3 we find that 1 must be carried from the divisor figure last 
rejected ; so that the product would be 7. It is probable, 
however, that 3 is nearer the truth than 2; but the l(i9t 
figure of the quqtient found in this way cannot, in general^ be 
depended upon as strictly true. Suppose, for instance, that 
the final 2 in the divisor should be m strictness 2^ ; then, 
what is now a 6 at the close of the work should be a 5, and 
the quotient figure 2 would be correct ; but if the final 2 in 
the divisor should be 2—^ or |^=1 '66, &c., then the 6 at the 
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end should be a 7, and 3 would be Ae eorreot qootieot 
%ure ; so tbat here, as in contracted multiplication, the last 
decimal in the result may err hy a unit. 

2. Divide 7*66858 by il. •0325.)7-66858(235-956 

100 •• 650 

3.25 

Here, 3i=3-25, and ■j^=-0325; ^^^^ 

and as this decimal is strictly correct, 975 

the operation should proceed without 

contraction till the final figure 8 in 1935 

the dividend has been used; after 1625 

which, contraction must commence, -r- — . 

as in the margin. 3108 

3. Divide 18*75, in which the 5 is not 2925 
strictly correct, by 2*01747. -. 

Here, instead of adding three zeros to 183 

the dividend, as we should do, or conceive 163 

to be done, if the last figure of the divi- i—^ — 

dend were strictly accurate, we cut three 20 

figures from the divisor, and proceed as 1^ 

below, taking care, in multiplying by the — 

first quotient figure 9, to carry what arises' 1 

from the dismissed figures of the divisor, namely 7. If the 
final decimal 5 of the dividend had been quite accurate, the 
operation would then have been as here annexed, and the 
quotient may be considered aa perfectly accurate, as far as 
four places of decimals ; namely, 9*S938. 

201J47)18-75(9*29 2-01747)18'75(9-29383 
1816 1816723 



59 59277 

40 40349 



19 18928 

19 18157 

1 771 

605 

166 
160 

6 
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From the illustrations now given, you can find no difficulty 
in multiplying and dividing decimals, which are not in them- 
selves strictly correct in the final figures, so as to secure the 
greatest possible accuracy in your results. The subject is 
one of very great importance, and it therefore deserves your 
careful attention. 

In the following exercises the final figure of each decimal 
is supposed to be more or less inaccurate, except when other- 
wise stated. 

Eoserdses. 



1. 31-782-=-4-817. 

2. 2490-3048-^-573286. 

3. 2-149-T-500-78. 

4. 47-298 -f- 6-029. 

5. 4650-75-7-325. 

6. 8-6134-7-7-3524. 

7. 16-804379-5-3-142. 

8. 673-l489-f--41432. 

9. 2-7182818-5-3-1415927. 
10. -00128-7-8-192. 



11. 1708-4592-7--00024. 

12. -3412-7-8-4736. 

13. 75-347-4- -3829. 

14. 1-f- 10-473654. 

15. 5-474558-7-3^. 

16. J-7--1045. 

17. 23^-7-87-64378. 

18. 14-3589-7--7854. 

19. 2972160-7-31773-244. 

20. 103-936-M059-108. 



21. Perform Ex. 7 on the supposition that the final figure 2 

of the divisor is strictly accurate. 

22. Perform Ex. 20 on the supposition that the final figure 6 

of the dividend is strictly accurate. 

23. Perform Examples 3 and 12 on the supposition that each 

dividend is strictly accurate. 

24. The old wine- gallon contained 231 cubic inches; the new 

or imperial gallon contains 277*274 cubic inches, the 
third decimal, however, 4, being a little too great : it is 
required to find how many imperial gallons are con- 
tained in the old wine-hogshead of 63 wine-gallons, old 
measure. 

(91.) Application of Decimcds to Concrete Quantities. 

The application of Decimals to Concrete Quantities, is so 
like the application of whole numbers and common fractions, 
as to render any distinct rules here unnecessary : it will be 
sufficient to present to you a few examples, worked at length, 
as specimens of the operations. 



£. 8. 


£. 8. d. 


3 7 


12 3 


20 


20 
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Ex. 1. Find the value of -Tei^. Ex. 1. Ex. 2. 

The work is in the margin, and '761 £ 1S5 d. 

consists, as in common reduction, 20 *37 

in simply reducing pounds to shil- 

lings, pence, and farthings. The 15*220 «. 1295 

answer is 158. 2^ J., and the deci- 12 555 

mal, "56 of a &rthing, or 158, 2^d. 

nearly. 2-64 d. 68*45 d, 

2. Howmuchis*37of 15*. 5J.? 4 4 
Here, 15*. 5d, = lS5d,, and 

185^. X -37 = 68*45^. = 58. S^d., 2*56/ 1*80/ 

and *8, that is, -| of a farthing, 
or 58. S^d. nearly. 

3. What decimal of £S 7*. is £l 2*. 3d. ? 
Here, as in fractions, the 

two quantities must be re- 
duced to a common denomi- 
nation, and then the latter 

divided by the former: it is 67 22 

matter of choice, whether you 4 4 

bring them to the lowe8t de- 

nomination mentioned or to 268 ) 89(*3321 

the highMt: the work by 804 

both methods is given in the 2^0)^7 8. 

margin : in the first method, 86 

the quantities are reduced to *35 £ 804 

threepence8 ; in the second, 

io pounds : in the second, the 12)3 d. 56 

78. is converted into- '35£; 536 

the 3d. into *25*., to which 2^0X2*25 8. 

the 28. is prefixed ; and then, 24 

the entire number of shil- *1125jS 

lings, namely, 2*25*., brought into 

•1125£; so that the proposed quan- 3*35)1*1125(-3321 

tities, in the denomination, pound8^ 1005 

are 3-35£ and 1-1125£; the latter, 

divided by the former, gives '3321, 1075 

true to the nearest unit in the last 1005 

decimal ; the 1 is a little too great, 

but the error would have been 70 

greater if had been put instead. 670 

30 
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4. What decimal of £5 is £9 179. ^d. ? 4) 3 

Here, the shortest way is to {urooeed — ^ 

according to the second of the above 12)6*75 

methods, and to reduce the 17 »» Q^d. 



to the decimal of a £, as in the margio, 2^0)1^7*56.25 
and then to divide by the £5. The deno- 



mination, £, here placed against dividend and £5)3*8781 25J& 

divisor, might have been omitted, since the 

quotient is the same abstract number whether *775625 

dividend and divisor be concrete or not, 

5. Reduce 2s, 9^d. to the decimal of 7«. 9|i. 

Here, it would seem, that the best way is to 5)9 
reduce first to the lowest denomination, /ar^Aifi^, 



and then to divide the former quantity by the 5)1*8 
latter : it is plain, however, that the two may be 



a little simplified, by dividing each by 3 : thus, *36 

2s, 9^d. _ 11^ __ 45/ _ ^ 

tT^. - 2^7^: " 125/. ~ y'' we nave, 
therefore, merely to turn the fraction, -^, into a decimal, by 
actual division, as in the margin ; so that 2». 9f (/. is *36, 
that is, 3^ hundredths of 7s, 9^d. 

6. Reduce 7 drams to the decimal Ex. 9. 

of 1 lb. avoirdupois. '28 £ 

7 1*4 

Here, ■ ' ,^ = -027344. 

' 16x16 

7. Reduce 14min. to the decimal ^^^ 
of a day. ^^ 

Here, ^^^^ = ihf = '0097. •375)-392(l£ 

8. Find the value of -0125 lb. troy. ^'^^ 
Here, *0125 x 12 x 20dwt.=3dwt. 

9. If f yard cost ^£, what «vill 
lA yard cost ? 

Here, | = -375 ; ^ = '28, and .^4oro* 

1|.= 1*4^ .-. -375 : 1*4 :: *28£ ^wf,vs, ^ 

:'^^ £ = £1 0.. lid. 

f^^ 4-08(1 IJ. nearly \ 

nearly, 

JSxerdses. 

Required the values of th^ following decimals, &c. 

1. -09375 acres. 2. 3*6285 degrees. 

3. -4625 tons. 4. *4 375 shillings. 



17 
20 
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5. •73125 of £2 10*. 6. -4694 ft. troy. 

7. £19 17*. 3^. in pounds. 8. iVr^ VW ^° decimals. 

9. Beduee 9d. to the decimal of a £, 

10. Reduce 5 h. 48 miu. 49*7 sec. to the decimal of a daj. 

11. What is -315 of 2 lbs. 7 o«, 15 dwt. troy ? 

12. Multiply £3 4«. 6d. by 1-46875, aad find the product 

in £ 9. d. 

13. Divide £lO Ws, ^. by 29*25, attd find the. quotient 

in £ 9, d. 

14. What common fractions are equal to 1*36 and *1634 ? 

15. The time between one new or full moon and the next is 

29*5305887 days : reduce the decimal to hours, minutes, 
and seconds. 

16. The circumference of a circle is 3*1416 times the 

diameter: the earth's circumference is about 24857 
miles: find its diameter, as near as can be depended 
on ; the 6, in the foregoing decimal, being slightly too 
great. 

17. The diameter of the sun is about 883220 miles: find its 

circumference, as near as can be trusted (see Ex. 16). 

18. What is the value of •121875£ + 17*. 6|J. ? 

19. What is the value of *875£ + *37 crown? 

20. Work the following by decimals: If 2^ qrs. of sugar 

cost £l 17*. 6<i., what will 1 cwt, 3 qrs. 21 lb. cost ? 

21. If 24 ao. 3 ro. 39 per. can be reaped in 12 J hours, how 

much can be reaped by the same hands in 15 h. 
48 min. ? 

22. If £6 13*. be the wages of 8 men for 3*25 days, what 

will be the wages of 20 men for 9*25 days ? 

23. Find the value of *34 of '26 of £2 13*. Id. 

24. Reduce *47 of *23 of 7*. l^d to the decimal of £l 14*. S^d, 



(92.) Beeurring^i or Circulating Dedmah. 

Before concluding the arithmetic of decimals, it is proper 
to say a few words about what are called recurring^ or ctV- 
eulating decimals. They are eo called, because the figures 
of which they consist continually recur, presenting either a 
constant repetition of the some figure, after a certain num- 
l>er of figures, or a repetition of the same set or row of 
figures : thus, '3333 .... is a recurring decimal ; so also is 
*7543543 . . . , and '592592 . . . . , &o. In the first of these 
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instances, 3 is the recnrring figure ; in the second, 543 is the 
recurring period^ as it is called ; and in the third, the recur- 
ring, or circulating period, is 592. Instead of repeating the 
period, it is customary to write it but once, and to put dots 
over the extreme figures of the period, by which we are to 
understand, that those figures recur without end : the three 
instances just noticed would thus be more briefly expressed as 
follows : 'S, '7645, and '692. Decimals, of which the figures 
have this periodic character, very frequently present them- 
selves in converting a common fraction into a decimal; 
indeed, they alway» present themselves whenever the deno- 
minator of a vulgar fraction, in its lowest terms, is not 
entirely resolvable into factors consisting of 2*6 and 5's. 
You are aware, that, in order to convert a fraction into a 
decimal, we divide the numerator by the denominator, con- 
tinually annexing zero after zero to the former, till the 
operation terminates of itself, or till we arbitrarily put a stop 
to it : and it is plain, that if we are at liberty to put as many 
O's as we please to a number, that number, with the zeros 
attached to it, will become divisible, without remainder, by 
as mauy 2 s and 5's as we please. Hence, a fraction whose 
denominator has no other simple factors but these, is always 
equal to 9^ finite or terminable decimal : but, if other factors 
enter, or, which is the same thing, if, after removing all the 
2's and 5's, a factor still exists in the denominator, then, the 
decimal, equal to the fraction, will be interminable^ because 
this remaining factor, not being divisible by either 2 or 5, 
must terminate, either in a 1, a 3, a 7, or a 9 ; and no quo- 
tient-figure, multiplied into either of these, can ever produce 
a 0, as the terminating figure of the product, so that we 
might bring down O's continually, without any hope of the 
work ending of itself : the following are a few instances. 

^fAg- = -008497135 

^**= -052631578947368421. 

As the last of these examples shows, a very simple fraction 
may give us a good deal of labour, before we can determine 
the circulating period of its equivalent decimal : * but, in a 

* A method of abridging this labour was given by Mr. Colson, in 
Sir Isaac Newton's ** Fluxions. " An analogous method, much more 
oonvenient and expeditious, was proposed by the author of this Rudi- 
mentary Treatise, in Vol. xxxvi. of the Philosophical Magazine ; the 
numbers for January and February, 1850. 



i = -1111... = -1 
^ = -0909 . . . = -OS 
ff = -592592 . . . = -692 



DECIMALS. 137 

case like this, such deiermination would be more curious than 
useful : it is easy to proye, however, that, the fraction being 
in its lowest terms, the period can never have so many figures 
as there are units in the denominator of the fraction : in the 
case of -Jg^, for instance, we might be sure that the period 
could not have more than eighteen figures, which number we 
see it actually contains. The reason is this : the period can 
extend itself only so long as the successive remainders we 
arrive at, in carrying on the division, do not recur : when- 
ever we come to a remainder, the same as one already em- 
ployed, then, of course, the quotient-figures between the two 
must also recur ; but this recurrence is postponed so loug as 
the remainders continue to be all different; and as no re- 
mainder can be greater than the number which is a unit less 
than the divisor, it is plainly impossible that there can be 
more diflerent remainders than is expressed by the divisor, 
minus 1. And this is, in general, all that we can say about 
the extent of the period, previously to actual trial. 

Although recurring decimals are thus always interminable, 
you are not to infer, that interminable decimals are always 
recurring; those only are recurring which arise from the 
development^ as it is called, of a vulgar fraction; such 
decimals are always convertible back again into the finite 
fractions to which they are equivalent ; but many intermina- 
ble decimal values occur in calculation which cannot be repre- 
sented by a finite fraction, and which, therefore, are not 
recurring decimals. Of such decimals only, a finite portion 
of the interminable row can be used in computation, so that 
some amount of error in the abridged forms is unavoidable : 
in the preceding articles, I have shown how to exclude from 
any result that part of it which this imperfection would 
influence. When the decimals with which we work are 
recurring, the imperfection, consequent upon our using only 
a finite number of figures, can be rendered as minute as we 
please ; for one period being given us, we can always add on 
as many true decimals as we like, instead of employing zeros 
when we want additional places; to use zeros for such a 
purpose in recurring decimals, you will, of course, see, 
would be an intentional departure from strict accuracy : but, 
in dealing with circulating decimals, the way to avoid imper- 
fection altogether, is to convert them into their equivalent 
vulgar fractions : the rule for this is as follows. 
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(93.) To eemvert a JHecurrmp Decimal into iU equwalent^ 

Vulga/r Fraction. 

BuXiE If, "Write down only the figures after the decimal 
point, up to the end of the first period, omitting the leading 
O's, if there be any, and consider the number thus written to 
be a whole number, 

2. Subtract from this whatever portion of the decimal 
there may be which precedes the period, regarding this 
portion as a whole number also ; the remainder will be the 
numerator of the equivalent fraction. 

3. For the denominator^ write as many 9's as there are 
figures or places in the period, followed by as many O's as. 
there are decimals preceding the period. Prefix to the frac- 
tion whatever whole number may have been prefixed to the 
decimal. 

Ex. 1. Convert 'OS into its equivalent fraction. 

Here, omitting the leading 0, we write 9 as a whole num- 
ber ; and as no decimals precede the period, the 9 will be the 
numerator of the required fraction, and 99 will be the deno- 
minator : therefore the fraction is ^ = ■^. 

2. Convert '692 into its equivalent fraction. 

Here, agreeably to the rule, the fraction will be |-|-|-, 
which, by dividing numerator and denominator by 37, re- 
duces to ^. 

3. Convert 4*764S into its equivalent fraction. 

Here, the figures first to be written down are 7543, as a 
whole number, and from this, the whole number 7 is to be 
subtracted : the numerator is therefore 7536, and the deno- 
minator 9990 ; consequently, the fraction, with the whole 
number 4 prefixed, is 4|f|^ = 4fjf| = .fjif. 

JSxercigeB. 

Reduce to fractions the following decimals. 
•l36, 2-4l8, -5^26, •0044&, 3-756S, 621-621, -0243^, 
•857142, IO378, -008497135. 

To understand the principle of the rule, it will be sufficient 
to attend to the following simple and obvious cases, namely, 

i = -imi . . . . , ^ = -010101 . . . . , jir = -001001 , 

■9^^ =:= -00010001 . . . , &c., from which it appears, that a 
recurring decimal, whose period commences immediately after 
the decimal point, is converted into an equivalent fraction^ 
thus : if the period consist of but one figure, this figure, taken 
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as a whole number, must be multiplied hy ^; if it coosist of 
two figures, these, taken as a whole number, must be mul- 
tiplied bj -^ ; if it consist of three figures, the number must 
be multiplied by -y^ ; and so on : thus, •& = |- or -J^ ; •! = •J' »* 
'bdi = 1^, &c. ; which is according to the rule. If the 
period do not commence immediately after the decinaal pointy 

as, for instance, in "TS^S, then '7645 = ,» = > ,^^^ = 

7x999 + 543 70Q0— 7+54j3 7543—7 

^990 ^ 9990 = "^990-> ^^^^ ^^^J^^ 

with the rule. In like manner, •27&43 = — ^^^ 



100 100 

27x999 + 543 27000-27+543 2.7543-27 



99900 9990.0 99900 

80 on, agreeably to th« rule^ 



and 



(94.) INVOLUTION AND EVOLUTION. 

When a set of equal fectors are multiplied together, this 
particular case of multiplication is called involution^ and th^ 
product is called a power of the number or factor, thus 
repeatedly used. If the number be simply multiplied by 
itself the product is the second power^ or squaa^e of that 
number : if the second power be also multiplied by the num- 
ber, the product is the third power ^ or cvhe of that number : 
if, again, this be multiplied by the number, the product is the 
fourth power of that number :. and so on, the number of 
times we thus use the same number as factor, always marking 
the potcer of that number, so that numbers may be raised to 
the fifth, sixth, seventh, or any other power, however great, 
provided only we have the patience to carry on these suc- 
cessive multiplications by it. 

As this operation of Involution is no more than common 
multiplication, there is nothing for me to explain in reference 
to the mode of performing it ; and I here mention it, chiefly 
for the sake of showing you the meaning of a term in fre- 
quent use, and of introducing another particular in notation. 

From what has just been said, you see that the second 
power^ or square of any number, 3, for instance, is thus 
indicated : 3x3 = 9; that is, the square of 3 ia 9 : that the 
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third patter^ or cube of 3, is 3x3x3 = 27; that is, the 
cube of 3 is 27 : that the fourth power of 3 is 3x3x3x3 
= 81 ; that the fifth power is 3x3x3x3x3 = 243 ; and 
so on, to any extent. You see that it would soon become 
inconvenient and tedious to repeat the equal &ctors in this 
way, when high powers are to be indicated : and to avoid this, 
a very neat and brief form of notation for powers has beeu 
devised : the number to be involved or raised to the proposed 
power, is simply written down ; and then, over the right-hand 
upper corner of it, is placed, in smaller type, another number, 
expressing the power intended : thus, 3^ indicates the square, 
or second power of 3 ; 3* indicates the cuhe^ or third power 
of 3 ; 3^ indicates the fourth power of 3 ; 3® the eighth power 
of 3 ; 3^^ the twelfth power ; and so on. The number which, 
involved in this way, produces a power, is called the root of 
that power : thus, 3 is the square'root of 9 ; it is the cube- 
root of 27; the fourth root of 81 ; and so on : the notation 
for a root is the symbol v^, which, when no small figure is 
attached to it, implies, simply, the square-root ; when the 
cube-Tooi is intended, a little 3 is connected with the sjmbol, 
thus I/; when the fourth root is meant, a little 4 is used, 
thus y; and so on. You will now have no difficulty in 
making out the meaning of the following statements. 

Since 3*= 9 .'. ^9 = 3; since 3^= 27 /. y27 = 3; since 
3^=81.-. y81 = 3; &c. 

Since 5*= 25 .*. ^25 = 5 ; since 4«= 64 .'. ^64 = 4 ; since 
7^=2401.-. y2401 =7; &c. 

(95.) There is one thing that must occur to you in looking 
over these particulars: it is this, — that although the power 
proposed is very easily got from knowing the root, yet that it 
is not so easy to discover the root when we know only the 
po^oer ; thus, you would find it no easy matter to get the 
fourth root of 2401, had you not previously seen that it was 
produced by successive multiplications of 7 by itself. This 
reverse operation, by which any proposed root of a number is 
found, is called Evolution, The process of Involution is uni- 
form, whatever be the power to which a number is to be 
raised ; but it is not so with Evolution : the rule for the 
square-root would help you but little towards finding the 
cube-root, the JiAh root, &c. I am now going to show you 
how the square-root of a number is to be found, and after- 
wards how the cube-root is to be found; but I must pre- 
viously tell you that comparatively few numbers are really 
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squares or cubes; that is, numbers actually produced by 
sqiuiring or cubing other numbers. We cannot, of course, 
find by rules what does not strictly exist; but by aid of 
decimals we can obtain approanmate square-roots, and cube- 
roots of all numbers : that is, by applying our general rules 
we can, by means of decimals, obtain a number which, when 
squared or raised to the second power, shall produce a num- 
ber differing from the number whose square-root is required 
by a fraction or decimal as small as we please. And we can 
aJso obtain a number which, when cubed or raised to the 
third power, shall produce a number differing from the num- 
ber whose cube-root is required by a decimal as small as we 
please ; so that such square and cube roots may be taken as 
trus square and cube roots, without any sensible error. 
Decimals are very useful in all calculations, where ap^ 
proximate values only are attainable. The following is the 
rule for finding the square-root accurately of a number, when- 
ever that number is strictly a square, and for finding the 
square-root approximately to any extent of decimals when 
the number is not an exact square. 

(96.) To extract the Square-root of a Number, 

Rule 1. Prepare the number for the operation thus : — 
Commencing from the decimal point, mark off the two final 
figures of the integral portion of the number; then the two 
figures which precede them ; then the two before these ; and 
so on, cutting up the integers in this way into as many 
periods, of two figures each, as you can : and, returning to 
the decimal point, mark off pairs of decimals, proceeding 
from left to right, in the same way. As we are at liberty to 
put a at the end of the given decimals, we may always 
make the number of them even; so that the decimals will 
consist of complete periods, without any odd figure over; 
but if the integers be odd in number, then, besides the periods 
of two figures each, there will be the leading figure stoiuding 
singly ; this leading figure, however, is still called the first 
period, 

2. Attend only to the first period, and find the greatest 
number whose square does not exceed the number in that 
period. This can never be matter of the slightest difficulty ; 
for as the period can never be a number of more than two 
figures, it will be very easy to see which of the nine digits 
multiplied by itself approaches nearest to it. The greatest 
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numlMr tlias fonnd is the first fignre of the root : write it in 
the place in which yon wonld pnt it if it were the first fignre 
of a quoFtient ; that is, to the right of the proposed nnmber.; 
snbtiact the square of it from the firsfi period, and to the 
remainder annex the second period^ and you will hare a 
nnmber which may be called the first dividend. 

3. After this leading step the operation assnmes a new 
form. To the left of the first dividend mark off a pla.ce for 
the corresponding first divisor, which yon find thns: — Put 
twice the root^fignre just found in the divisors place; the 
leading figure, or if the root-figure exceed 4, the two leading 
figures of the required divisor will thns be found, and you 
will now have a dividend, and the leading figure or figures 
of its divisor, to find the corresponding quotient-figure ; and 
yon know, from common division, that it is mainly the lead^ 
ing figures of a divisor which suggest the first figure of the 
quotient. Find then the quotient-figure from this incomplete 
divisor; the quotient-figure thus found forms the second 
figure of the root, and, annexed to the incomplete or trial 
divisor, it renders it complete; you have only then, as in 
division, to multiply the complete divisor by the figure just 
found, to subtract the product from the dividend, and to 
annex to the remsinder the third period; you will thus have 
the second dividend. 

4. Proceed «tep after rtep in this ^hj, writing against 
every dividend twice the number formed by the root-figures 
previously fonnd; y<9ti will thus always get the incomplete 
or trial divisor belonging to that dividend, and thence a new 
root-figure ; with which, as before, the incomplete divisor is 
to be completed. 

You know that in common division the quotient-figure 
suggested by the UaMng figures of a divisor is not always 
the true quotient-figure; for we cannot always foresee the 
full influence of the carryings. So here, the root-figure, 
suggested by an incomplete divisor, may prove to be erro- 
neous when that divisor is completed, and the multiplication 
of it by the figure under trial executed. In such a case we 
do exactly as we would in common division. (See page 30.) 

An example worked at length will sufficiently illustrate 
the rnle. 
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Ex. 1. Erttuct the sqtiare-root of ^6782*432. 

Here, the pir^oposed nam- 

ber divided into periods of 5,^7x82/45^20(238 '2006 

two figures each^ as the first 4 

preeept of the i*nle directs, '^-^ — 

is 5,67v82,-4«,20, and the 43)167 

first root-figate is 2^ this 12d 
being the greatest number. 



whose square (4) does mft 468) 3882 
exceed the filrst period, 5: 3744 

the square of this 2, sub*- 



tracted from the first pe- 4762)13843 
riod, leaves [for remainder d524 

1, whioh becomes 167, when 



the n&sLt fefaod is brought 4764^)431920 
down. Hence, 167 is the 428841 

first dividend, and 4, the 



n ■ . Ill 



double of the root^figure, is 47^^06)30790000 
the first trial, or incomplete 28594^36 

divisor. Looking at this 4, -— — ■ « > ■ " 

in reference to the 16 in the 2195164, &o. 

dividend, 4 is suggested as 

the quotient-figure ; but, foreseeing that unit would have to 
be carried, we know that 4 will be too great. Putting, 
therefore, 3 for the second root-figure, and the same 3 lagainst 
the incomplete divisor, ^e proceed, as in division, and obtain 
the second remainder, 38, which, when the next period is 
brought down, becomes 3882, the second dividend. Doubling 
the 23, the number formed by the root^figures already found, 
we have 46 for the incomplete divisor of 8882 ; so that the 
corresponding quotient-«figure — that is, the third root-figure 
— is 8, which placed against the 46>, gives 468 for the 
true divisor : hence, the third reminder is 138, and another 
period being brought down, the third dividend is 13843. 
The trial-divisor of this, that is, the double of the root, thus 
far found, is 476 ; and, therefore, the quotient-figure, that is, 
the fourth root-figure, is 2, and, therefore, the complete 
divisor is 4762. The next dividend is 431920, and the trial- 
divisor belonging to it is 4764, so that 9 is the fifth figure of 
the root : completing the divisor with this 9, we get the next 
remainder, 3079, which, with another period brought down, 
namely, 00, gives the next dividend, 307900, the incomplete 
divisor of which, the double of 23829, is 47658. It is 
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obyious, from the leading figure, that this, "when completed, 
will be greater than the dividend: henoe, the next root- 
figure is 0; and the next dividend, formed by annexing 
another period of zeros, is 30790000, the corresponding 
incomplete divisor being 476580, the double of the root, so 
far as it goes. The incomplete divisor gives 6 for the next 
root-figure, and 4765806 for the complete divisor ; and, by 
bringing down zero periods in this way, step after step, we 
may extend the root to as many decimal places as we please. 
In the work in the margin, it has been carried to four places 
of decimals, and the number 238*2906, thus determined, is 
said to be the approximate square-root of 56782*432 ; and 
the decimals are all true, as far as these four places. Never- 
theless, as more decimals would follow if we were to continue 
the work, the final figure, 6, needs a fractional correction ; 
we know that it is too small, by some fraction, or decimal of 
a unit, in the fourth place. On this account, we could not 
expect to recover the proposed number exactly, by squaring 
this incomplete root. 

From the principles already taught (page 120), you know 
that if you were to multiply 238*2906 by itself, the result 
could not be depended upon beyond the first 
decimal; for, as there are seven figures in each 238*2906 
factor, and but eight decimals in the complete 6092832 

product, the number of decimals to be depended 

upon is only 8— 7 = 1, the other seven deci- 4765812 
mals being necessarily inaccurate. You must 713872 
always keep in remembrance the influence of 190632 
this error, in the last decimal of an approximate 4766 

result, whenever you have occasion to use it 2144 

in multiplication or division; and be careful to 14 

avoid the common mistake of supposing that, 

because you have got the square-root of a 55782*4 
number true to several places of decimals, that 



the square of that root can be true to anything like the 
same extent. The square of the root just obtained, as far 
as one decimal place, which is all that can be safely de- 
pended on, is found by contracted multiplication, as in the 
margin.* If you take the trouble to multiply the root by 
itself, without any contraction, you will find the product to 
be 56782*41004836. By extending the decimals of the 

* See note, page 125. 
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TOot, the square of the root maj be made to differ from the 
namber proposed bj a quantity smaller than anj that can be 
assigned; so that yon always have it in your power to 
approximate to the truth, as closely as you please. 

(97.) We must now return to our worked-out example at 
page 143, for I have some particulars to mention to you, as 
to the abridgment of the operation. You may, in general, 
take it for granted, unless the contrary plainly appear, that 
when a number containing decimals is given you to work 
upon, the final decimal of that number will be only approxi- 
mately true. You may consider, therefore, that the num- 
ber proposed in the example referred to, has, in its complete 
state, a long string of decimals, and that the decimals have 
been reduced to three, for convenience, or, because more than 
three decimals would encumber the value with an unneces- 
sary degree of accuracy ; consequently, when we have used 
the final decimal 2, we may conclude, that the final figures of 
the subsequent dividends will be affected with error, and our 
business is, to exclude the influence of this error from the 
figures of the root. It is plain, therefore, that after having 
arrived at the dividend, 43192, and its divisor, 47649, con- 
tracted division only should be used : you must see, too, that 
as each divisor differs from the next ^Ho/^divisor following, 
only by having the double of the new root-figure added to it, 
these successive additions can have no influence on any con- 
tracted divisor, because the figures that would he influenced 
become cut off. Hence, after ^he 

final decimal 2 has been used, the 4^^6^4^9)43192(9064 
remaining part of the operation is 42884 

simply that of contracted division, — ^ 

which terminates of itself, as soon 308 

as all the root-figures that can be 286 

depended upon are obtained: the 



root may, therefore, be extended, 22 

as in the margin ; and we may con- 19 

sider it to be correctly determined, — 

as for as five places of decimals; 3 

its value being 238*29064: but as 

the quotient-figure 4 is somewhat more hdow the truth than 
5 is ahove it, it might be better to write 238*29065 for the 
root ; if we knew that the final decimal in our proposed num- 
ber were a little too small^ we should affirm the latter to be 
the better approximation to the root ; but, if we knew that 

H 
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our proposed number were a little too great in its last deci- 
mal, we should prefer the former approximation : we cannot, 
therefore, be quite sure as to the kut decimal, within a miit» 

In the following example, contraction is used as soon as 
the decimals in the given number have been employed. 

2. Extract the square-root of 58352*74. 

The work in the margin 5,83,52,-74(241-5631 
shows the root as far as 4 
four places of decimals to be — 
241*5631: jon cannot de- 44)183 
pend upon it to anj greater 176 
extent. 

(98.) I think you must now 48 1) 752 
sufficiently see the manner in 481 

which you are to proceed 

with the extraction of the 4825)27174 
square-root, when you desire 24125 

that root to be encumbered 

with no more decimals than 4^8v3^0) 3049 
yon can place reliance upon. 2898 

You can, of course, adopt the 

same method of contraction, 151 

when you hare to i^proxi- 145 

mate to the square-root of 

a whole number, in itself not 6 

a square : as the process, left 5 

unchecked, would go on with- — 

out end, you would fix a 1 

point at which restraint should 

be put upon the increase of figures; and, by using con- 
tracted diyision from that step, bring the operation to a 
dose : you can always easily see, from counting the number 
of figures in any divisor, how many root-figures, from that 
stage of the work, will be added on by the contracted di- 
yifflon. 

After the first step in the extraction of the square-root, 
you need not take the trouble to multiply the root-figures by 
2, in order to get the several trial, or incomplete divisors, 
since each trial-divisor is formed from merely adding twice 
the last root- figure to the preceding divisor ; in practice, the 
several trial-divisors are always derived from one another in 
this way. I may also remark here, that some people mark 
ofl* the periods, in the number proposed for extraction, by 
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putting a dot over the last figure of each period : thus, the 
periods of the number in last example are distinguished in 
this way; 58352*74: you can, of course, use, in your own 
practice, whichever way you please. 

(99.) It is not easy to give a satisfactory proof of the foregoing method 
of extracting the square-root without the aid of algebra; but I will 
endeavour to explain the reason of the several steps of the operation by 
help of arithmetic only. To understand this explanation, you must first 
become convinced of the following property: namely, that if any number 
be separated into two parts by the sign plu8f the square of that number 
will always be made up of the squares of the two parts plus twice the 
product of those parts. Take, for instance, the number 9, of which the 
square is 81 ; this square is made up of the squares of 4 and 5 (which 
together make 9) plus twice 4x5; it is also made up of the squares 
of the two parts 3 and 6 plus twice 3x6; or of the squares of the two 
parts 7 and 2 plus twice 7x2, and so on : that is, 9''*:s4' + 2 (4x5) + 5"* 
«3« + 2(3x6) +6««7«+2(7x2) +2««8« + 2 (8x 1) +1«, &c. And 
the same property holds, whatever be the number, and into whatever two 
parts it be separated. It is this general property that has suggested the 
rule for the square-root. Let us take any square number ; the square of 
8764, for instance ; which is 76807696. If from 

having this square given, we wished to return to 76 80^6^96(8764 

the root, we should readily foresee, that by 6i 

dividing it into periods, as already explained, — 

and then^'regarding only the first period 76, the 167)1280 
leading figure 8 of the root could be at once 1169 

discovered. As the local value of this 8 is 8000, 

we know, from the foregoing property, that the 1746) 11176 
proposed number is made up of the following 10476 

parts; namely, 8000^ + 2 (8000x764) +764^ 

which is the same as 8000> + (2 x 8000 + 764) 17524) 70096 
764. So that after having subtracted the square 70096 

of the first root-figure, the remainder, or what 

has been called above the first dividend, is (2 x 8000 + 764) 764.* The 
divisor for this, which would supply accurately all the remaining figures 
of the root, namely the figures 764, is evidently 2 x 8000 + 764. But this 
divisor we cannot completely get, as the figures 764 which enter it are 
those of which we are in search ; but we can get the greater part of it ; 
namely, the part 2 x 8000, from knowing the already-found first figure 
8, or in strictness 8000. We avail ourselves, therefore, of this, and call 
it our first trial, or incomplete divisor ; this assists us in discovering the 
single figure 7f by which we are enabled to correct our trial divisor, by 
adding to it the part thus suggested, namely 700 ; and so corrected, we 
call 2 X 8000 + 700 our complete divisor, since it completely answers for 
I < ... ■ II 

* The remainders, or dividends, are conceived to have the figures of 
the proposed number, afterwards brought down two at a time, to be 
actually appended to tiiem ; but, just as in long division, the remainders 
are kept free of these additional figures till they are wanted for use, in 
order to save unnecessary repetitions. It may be noticed here, that the 
notation above means that the whole of the quantity enclosed in the 
brackets is to be multiplied by 764. 

H 2 
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the figure 7 of the root, tiiongh not for the figures which follow. After 
multiplying this complete divisor by the local value, 700, of the quotient- 
figure 7, we get (2 x 8000 + 700) 700, which subtracted from the first 
dividend, leaves 2 x 8000 x 64 + 764^— 700'. But by the general property 
with which we started, 764*»700*+2 (700x64) + 64^: consequently, 
the remainder spoken of is 2 x 8000 x 64 + 2 x 700 x 64 + 64> ; or, which 
is the same thing, 2 x 8700 x 64 + 64*» (2 x 8700 + 64^ 64. And this is 
our second dividend. Now jast return to the preceding expression for 
the Jirst dwidend, and you will observe a perfect correspondence ; the 
first dividend consists of twice the number already in die root + the 
number formed by the remaining figures, muUiplied by that number ; 
so here the second dividend consists of twice the number already in the 
root 4* the number formed by the remaining figures, multiplied by that 
number. Consequently, just as we got the second figure of the root out 
of the first dividend, so we may now get the third figure out of the second 
dividend ; that is, the step by which the third figure is to be obtained 
must be exactly similar to that by which the second was obtained ; and 
therefore, figure after figure is to be found by a series of uniform steps, 
as in the operation given at length in the margin, which you will find 
upon examination to be in strict accordance wiUi what is here explained, 
when the several remainders or dividends are completed, by the latter 
figures of the original number being appended to them. In the work, 
these figures, to save repetitions, are not actually brought down till they 
are wanted. 

Exercises, 

Extract the square-root of each of the following numbers, 
those of them which terminate in decimals being onlj ap- 
proximately true in the last figure, except where otherwise 
stated. 

1. 31-782153. 2. 115-297356. 

3. -3236068. 4. 11, to six decimals. 

5. 473256, to three decimals. 6. 3, to eight decimals. 

1, 9036890625. 8. 365, to eight decimals. 

9. 32-398864, the last decimal true. 

10. '000729, the last decimal true. 

11. 784-375 12. 79-182. 

13. 68-736, to nine decimals, the last, 6, being trus, 

14. 29|J^. 15. 104^. 

16. 17f, to five decimals. 17. 15|^ to six decimals. 

18. 794^, to eight decimals. 19. 34-867844. 

20. The recurring decimal 7' 6631 to seven places. 

(100.) There is another way of arranging the work for the 
square-root, which, although it presents to the eye more 
figures, and takes up more room, is nevertheless well worthy 
of your attention, on account of the very simple character of 
the several steps ; and because, moreover, the operation, when 
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thas arranged, becomes only a particular case of the general 
process for the extraction of any root, however high. The 
operation, too, is the sanie, whether the soaght root be that 
of a number merely, as here, or that of a numerical equation; 
so that, if you ever adyanoe to algebra, you will find a fami- 
liarity with the arrangement given below to be of much 
assistance to you in an important part of that subject. The 
work of the example last given, in the form here recom- 
mended to your notice, is as follows :^- 

1 76,80,76,96(8764 

8 64 

8 1280(1) 

8 1169 



-(1) 

16 11176(2) 

7 10476 



167 70096 (3) 

7 70096 



(2) 



174 
6 

1746 
6 

(3) 

1752 
4 

17524 

By comparing this with the work of the same example at 
page 147, you will see that the two operations difier only in 
arrangement. In the latter form, 1, 0, and the given num- 
ber, are written in a row; the stands at the head of a 
oolunm of work which gives the trial and true divisors ; and 
the given number stands at the head of a column which fur- 
nishes the corresponding dividends; each trial-divisor, with 
the dividend to which it belongs, is marked (1), (2), &c, 
merely for the purpose of directing the eye to those numbers 
in the two columns which are directly concerned in the 
determination of the several root-figures ; each true divisor is 
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always one step below the trial-divisor, which suggests it. 
The several steps of the work are of the simplest kind: 
having fonnd the first figure 8 of the root, the 1 is multiplied 
by it, the product added to the 0, the result multiplied by 
the same 8, and the product iubtracted from the first period : 
the 1 is again multiplied by the 8, the product, as before, 
carried to the divisor-column, and thus one step of the work 
is completed. The trial-divisor, 16, now suggests the next 
root-figure, 7, which, as before, is a multiplier of the 1 ; the 
product carried to the divisor-column gives the true divisor, 
and the product of this by the 7, carried to the dividend- 
column, and subtractedy gives the next dividend (2) ; the 1 
is again multiplied by the 7, and the product carried to the 
divisor-column, completes the second step ; and so on, all the 
steps being uniformly the same. 

(101.) The operation for the cube-root of a number is 
merely an extension of this easy kind of work. In this case, 
the row at first written consists of 1, 0, 0, and the given 
number ; this latter being now divided into periods of three 
figures each, the cube-root of the first period forms the first 
root-figure ; this, as before, is used as a constant multiplier 
throughout the first step or stage of the operation, the pro- 
ducts by it contributing to form two columns of work under 
the O's, and a third column under the given number : thus, 
the root-figure is applied, as a multiplier, to the 1, and the 
product is added to the first ; the same multiplier is applied 
to the sum, and the product added to the second 0; the 
same multiplier is applied to this next sum, and the product 
suhtr<icted from the first period. To complete the step, we 
return to the 1, applying still the same multiplier, adding 
the product as before to the first column, applying the same 
multiplier to the sum, and adding the product to the second 
column, at which we now stop : we then return again to the 
1 ; apply the multiplier, and add the product to the first 
column, carrying the process no further : the first step is now 
completed ; the number last found, in the second column, is 
the trial-divisor for finding the next root-figure ; with which 
root-figure we proceed through the same course of multiplica- 
tions, &c., as at first, and thus get, under the trial, the true 
divisor, and thence the next dividend. 

The following example exhibits the steps at length, the 
numbers in the three columns, which appear at the end of a 
step, being marked (1), (2), &c., as in the square-root form. 
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EXTRACTION OF THE CUBE-ROOT. 
Ex. 1. Extract the cube-root of 411001037875. 





7 

7 
7 

14 

7 

-(1) 
21 

4 



214 
4 

218 
4 

222 



(2) 



2223 
3 

2226 
3 

2229 



(3) 




49 

49 
98 

-(1) 
147 

856 

15556 
872 

(2) 

16428 
6669 

1649469 
6678 

<3) 

1656147 
111475 

165726175 



411,001,037,875(7435 
343 



68001 (1) 
62224 



5777037 (2) 
4948407 



828630875 (3) 
828630875 



22295 



You of course see why the figures below the (1), (2), &c. 
in the first column are put each one place further to the 
right ; it ia because the root-figures which produce them are 
each one place further to the right, the local value diminishing 
at a ten-fold rate. The corresponding numbers in the second 
column are pushed two places to the right, because the mul- 
tiplicand and the multiplier from which each is produced have 
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loth of them advaDced one place to tlie right ; and the figures 
are pushed three places to the right in the next column, be- 
cause the multiplicand has advanced two places and the mul- 
tiplier one* 

(102.) The foregoing process maybe extended indefinitely. 
It may be applied to the finding of the fourth, fifth, sixth, or 
any higher root of a number : for the fourth root there will 
be four columns of work, for the fifth five columns, and so 
on.f But this is not the place to prosecute the subject 
further ; for additional information yon must consult the 
works referred to at the close of the foot-note below, as also 
for an explanation of the reason of the operation above, which 
cannot be made sufficiently intelligible without the aid of 
algebra. I shall give you ote other example in the cube- 
root, in order that you may see how the work is to be con- 
tracted when the proposed number ends in a decimal not to 
be depended upon; or when only a prescribed number of 
decimals is required in the root. You will observe, by 
examining what follows, that the contractions are so ma- 
naged as to exclude every decimal that would extend beyond 
the proposed limitation. 

* Should any reader of this little work be already acquainted with 
arithmetic, but acquainted with it only as it is taught in the common 
school-books, he will be agreeably surprised to find ^t a subject which 
must have occasioned him so much perplexity as the extraction of the 
cube-root, resolves itself into the above simple process. I claim no 
merit for it myself; it is due to the late Mr. Homer, of Bath, as a par- 
ticular application of his general method of solving numerical equations. 
One or two recent writers on arithmetic have had the discernment to see 
its superiority over the common rule, but not the generosity to mention, 
in connection with it, the name of its indefatigable author, — a man who 
has done more for the practical advancement of that part of calculation 
to which it belongs than any other mathematician since Newton. In 
order to prevent the possibility of this reproof being improperly applied, 
I must add, — though the addition is quite superfluous to those who know 
anything of his personal character, — that Professor De Morgan, who 
uses Homer's method in all his aritlimetical writings, is never diargeable 
with this disingenuous oversight. 

Students who may wish to know more about Homer's method, may 
consult my recent " Introduction to Algebra, and to the Solution of 
Numerical Equations ;" " The Analysis and Solution of Cubic and 
Biquadratic Equations ;" and '* The Theory and Solution of Equations 
of the Higher Orders/' This latter work, which, with the separately 
published " Appendix," costs 18«., is fit only for the advanced student. 

t The fourth root may be obtained by first finding the f^tiore-root, 
and then the square-root of the result. 
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2. What is the cube-root of 98375-112 ? ♦ 

98375-112(46163112 

64 

— 46-163112 

34375(1) 21136164 

33336 









4 


16 


4 


16 


4 

8 


32 

-(1) 
48 


4 

-(1) 
12 


756 
5556 


6 


792 



18465245 



1039-112(2) 2769787 
636-181 46163 
27698 



402-931 (3) 1385 

383*036 46 

_ (2) 5 

126 6348 19-895(4) 1 

6 13-81 19-178 

2131-03300 

132 6361-81 -717 21136164 

6 13-82 -639 



(2) (3) 852413200 

138 6375-63 78 127861980 

•1 8-30 64 2131033 

— 1278620 



138-1 6383-9,3 14 63931 

•1 8-3 13 2131 

(4) — 213 



138-2 6392-2 1 4 

•1 -4 



(3) Proof. ..98375-1 11 

1,3,8,-3 6,3,9,2,-6 

To the above work I have annexed the reverse process of 
finding the cube of the root 46*163112, which, you see, may be 
depended upon as true, up to the sixth decimal place. In the 
first multiplication, which gives the square of the root, I have 
contracted the result to four places : in the next multiplica- 
tion, which gives the cube, the factors are also arranged for 
four places of decimals ; but, agreeably to the recommenda- 
tion at page 126, only three of these places are preserved, in 
adding up the partial products. The result, you see, fully 
verifies the operation by which the root has been found ; for, 
as the final remainder in that operation is 1, the number 

* The decimal points in the several steps of the work may be omitted ; 
but I think it safer to preseire them. 

h3 
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aciuall J exhausted by the process is 98375*111. And joa 
inaj, in general, consider Uie hut decimal of a root deter- 
mined in this manner as tme to the nearest nnit* 

(103.) I shall conclude with a few examples, for exercise, 
recommending you to use the contracted method, for deci- 
mals, as soon as jon are familiar with the process in its 
uncontracted form. And now having conducted jou to this 
point, I think I may presume that you are in full possession 
of eveiy important principle in the elements of Arithmetic. 
The remaining few pages will be occupied with certain 
business-calculations, of too easy and obvious a character to 
render it necessary, with your present knowledge, that I 
should accompany them with the same minute details, and 
lengthened explanations, that I have furnished to you in 
what has preceded. If you have only made yourself com- 
pletely master of what has now been taught, you may take 
up any more extensive treatise on Arithmetic, with the fullest 
confidence, that you will meet with no difficulty beyond your 
powers of successfully contending with. And, what is better, 
you will, I think, have acquired a deeper insight into the 
true principles of arithmetical calculation, than the majority 
of such treatises can aflbrd you, inasmuch as you will have 
been habituated to think for yourself, to look for reasons as 
well as rulesy and so have been fitted, by the proper mental 
preparation, to enter safely upon any department of science 
you may hereafter feel disposed to cultivate. 

£Jxercises. 
Find the cube- root of each of the following numbers. 



1. 912673 

2. 52734375 

3. 21024576 

4. 80677568161 

5. 411001037875 

6. 7835-8748 



7. 115-29736 

8. 822650 

9. 78314-6 

10. 12345-678 

11. 123-456789 

12. 9, to nine decimals. 



* In marking off the figures to be dismissed in the contracted portion 
of the operation, it is of course matter of indifference whether dots be 
employed, as at page 130, or dashes, as in the example above. In 
working with the pen, the latter is the more convenient way ; though it 
cannot be used in print without so separating the figures as to drive them 
out of the proper vertical columns. In print, therefore, dots would seem 
preferable ; but when figures fall below those thus dotted, the dots might 
be mistaken for decimal points connected with the latter ; so that, in the 
extraction of root*, it is better to tick off the figures as above, both in 
printing and in writing. 
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(104.) INTEREST, DISCOUNT, INSURANCE, &c. 

Interest is the sum paid for the ase of money by the 
borrower, or him who holds it, to the lender, or him who 
deposits it. The consideration agreed upon is usually at so 
much for the use of every ^100 for a year, or, as men of 
business call it, at so much j?^ cent. per annum; or, simply, 
at so much per cent., per annum^ or per year, being under- 
stood. 

The money lent or deposited is called the Principal ; the 
consideration for £A 00 for a year, the Rate of Interest ; and 
the principal, together with the interest, for any length of 
time, is called ^<q Amount in that time: thus, if J&IOO be 
lent under an agreement that £,b is to be paid for the use of it 
for one year, then, £100 is the principal lent ; £5 ia the 
rate per cent. ; £10 is the interest for 2 years; and £110 is 
the amount in that time. 

The finding of the interest of a given sum of money at a 
given rate per cent for 1 year, is obviously nothing more 
than a simple Rule-of-Three operation: for, as £100 is to 
the rate, so is the principal lent to the interest upon it ; or, 
as £100 to the sum lent, so is the interest of £100 to the 
interest of the sum. And if the interest, thus determined for 
1 year, be multiplied by any number of years, the product ' 
will be the interest accumulated in that time ; or, instead of 
multiplying the interest for 1 year by the number of years, 
we may commence by multiplying the principcd by that 
number, and make the stating afterwards. A formal Rule- 
of-Three stating is, however, generally dispensed with, and 
the operation conducted as follows. 

(105.) To find the Interest of a given Sum at a given Bate 
per Cent.^ for a given Number of Years, 

Rule. Multiply the principal by the number of years, 
the product by the rate, and divide the result by 100. 

Note. When the rate is 5 per cent., — a rate very com- 
monly charged, — ^the operation, simple as it is, becomes still 
simpler: for the multiplication by 5, and the subsequent 
division by 100, may be replaced by a single division by 20 ; 
so that having multiplied the principal by the number of 
years, the 20th part of the product will give the interest 
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Ex. 1. What is the interest of £587 16#. 4d. for 7 years, 
at 4, 5, and 6 per cent. ? 

£>' 9. a, £. 9. d* £, 9. d, 

587 16 4 587 16 4 587 16 4 

7 7 7 



4114 14 


4 


2,0)411,4 14 4 


4114 14 4 




4 




6 




TS 


205 14 8i+*/- 


164,58 17 
20 


4 


246,88 6 
20 


11J7 
12 




5)205 14 8^, 5 per cent. 
41 2 11^, 1 per cent. 


17,66 
12 


9,28 
4 




164 11 9^, 4 per cent 
246 17 7|, 6 per cent 


7,92 

4 


1,12 






d,68 


Hence, tli 


le inl 


ierftst 9.t 4 ner cent, is £l A4 11 


I*. Sad.4-Jt^f.t 



at 5 percent, £205 14«. 8^.+-|/. ; and at 6 per cent, 
£246 17«. 7i^.+^/. The additional work in the middle 
colamn, shows how the interest at 4 and 6 per cent, may be 
obtained from that at 5 per cent., namely, by subtracting a 
fifth part of the latter interest, for the 4 per cenfc., and adding 
that fifth part for the 6 per cent. The fraction, j- of a far- 
thing, has here been rejected: if it had been retained, the 
quotient by 5 would have been increased by -}^f, ; so that the 
resulting interests for 4 and 6 per cent, would have been 
increased, the former by -^Z*, and the latter by \^f. ; and 
there would have been an exact agreement with the deter- 
minations of the other method. 

I have been thus particular, more for the purpose of showing 
you the strict conformity between the results of different pro- 
cesses than because such minute accuracy is necessary in actual 
practice. Fractions of a fEurthing are, of course, always dis- 
regarded in business ; and in calculations respecting interest, 
fence is in general the lowest denomination noticed. See 
art 107. 
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2. Find the interest of £619 9«. 6d, for 1 year, at 5\ per 
cent. 

Either of the following three ways may be employed : in 
the last of these, the principal is haired, and the rate doubled. 

£. s* d, £. 8, d, £. 9. d* 

619 9 6 2,0)61,9 9 6 309 14 9 

11 





5 


3097 7 
\ 309 14 


6 
9 


34,07 2 
20 

1,42 
12 


3 



30 19 11, int. 5 per cent. 



•ji^l 3 1 11^, at ^ ditto. 34,07 2 3 
20 



34 1 5, at b\ ditto. 



1,42 



As \ is the tenth part of 5, 12 

the tenth part of the interest 

at 5 per cent, is added. 5,07 

. .'.£34 1«. 5(^.=interest. 
5,07 

3. What is the interest of £500 for 4 years, at £5 7«. ^d, 
per cent. ? The work is given below in four different ways. 
Here, £5 7*. 6i. = £5| = £5*375 or = V *• 

£500 £500 £500 £500 

4 4 4 4 



2000 

5f 


2000 
5-375 


2000 
43 


10000 
750 


107,50-000 
20 

10,-00 


8)860,00 
£107 10#. 


107^50 
20 



5#.=i 
2#.6e^.=| 



2000 
5 



10000 
500 
250 



107v50 
20 



10,00 .'.£107 10#.= interest. 

10,00 

In the first of these methods we haye to take f of 2000, 
or, since f = i+i* we may take \ of 2000, which is the 500 
above, and then add the half of that fourth, namely, 250, 
which gives 750. Instead of multiplying by 4 and by 5 in 
the first and third methods, we may, of course, multiply by 
20 at once. The product of the numher9 expressing the 
years and the rate may always be used instead of those 
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numbers separately, whenever it is thonght conyenient to do 
so, as in tlie next example. 

4. What is the interest and amount of £212 10s. 4d. for 
2^ years, at 2^ per cent ? 

Here 2^ = V> »nd 2^ = |^ .'. 2^x2^= V = 7— i- 

£. 9, d. 
212 10 4 
2f 



£. #. ^. 


£. %. d. 


212 10 4 


8)212 10 4 


7 





26 11 3i 

1487 12 4 55=11x5 11 

il 26 11 3i 



14,61 1 
20 



oi 



292 4 2^ 
5 



12,21 
12 

2,52 
4 

2,10 



14,61 1 0^ twice 2^= 



20 



12,21 
12 

2,52 

4 

2,10 



i 

4 


425 

106 5 

53 2 


8 
2 

7 


2i= 
2)2 
1- 


584 8 


5 
5 


922 2 


1 


4,61 1 
20 


oi 


12,21 
12 






2,52 
4 





2,10 

Hence the interest is £14 12#. 2\d.^ and, therefore, the 
amount is £227 28, 6^. 

(106.) When the Interest for any Number of Days is 

required. 

Rule 1. As 365 is to the number of days, so is the 
interest for one year to the interest required ; or, since twice 
365 is 730, and since, moreover, in finding the interest for 
1 year, we always have to divide by 100, after multiplying 
by the rate, we may proceed as follows : 

Rule 2. Multiply twice the product of the principal and 
rate by the number of days, and divide by 73000. 
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Ex. 1. What is the interest of £325 10«. for 3 years and 

89 days at 4-i- per cent. ? 

By Role 1. By Rule 2. 

£. 9. £. 9, d. £, 9, £. 9, 

325 10 365 : 89 : : 14 12 Hi 2929 10^1464 15 

4i 20 89 X 2 



1302 
162 15 

14,64 15 
20 



12 95 
*12 

1140 

4 

160 



292 
12 

3515 
4 

14062 
89 

126558 
112496 

365)125l518(3428m 
1095 



26361 
23432 t. 

44 10» 10x89 
-£. 9. d. 



73,000)260^25 10(3 11 5i 
219 



1565 
1460 



£, 9, d, 

14 12 lli + 4/.int.lyr. 
3 



4)3429/. nearly. 



41725 
20 

834 510(11 
73 

104 
73 

31510 
12 



43 18 10^ int. 3yr8. 
3 11 5i int. 89 days. 



1051 
730 


12)857 1/. 


3218 
2920 


2,0)7,1 6rf. 



47 10 3i whole int. 



298 



£Z 11 H 



378,120(5 
365 

13120 
4 



52,480(1 nearly. 



(107.) In this example, as well as in the examples which 
have preceded, I have been unnecessarily exact in computing 
the interest to the nearest farthing : but the odd j&brthings are 
disregarded in business-transactions, and interest calculations 
are considered sufficiently accurate when the true results are 
reached to the nearest penny. With this understanding, the 
operation by Rule 2 may be shortened. In dividing by so 
large a number as 73000, the odd shillings in the dividend 
may be disregarded; or, if above 10«., the pounds may be 
increased by a unit. Now, since 73000 x ^wo- 
tient=z dividend^ it is plain, that if, by means of any 3)73000 
division-operations upon 73000, we can reduce it 24333 
to unity^ the same operations upon the dividend 2433 

will reduce it to the qiMtient^ tlmt is, to the in- 243 

terest for the proposed number of days. The ■ 

number 73000 is reduced to unity, or, as nearly 1*00009 
to unity as is necessary for the degree of accuracy — — 
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required, thus: Divide it bj 3; divide the 
result bj 10, and then the result of this divi- 
sion by 10, in each case disregarding re- 
mainders. Add up the four numbers, as in the 
margin, and point off ^ve places for decimals. 
The result is 1*00009, which differs from 
unity by a quantity too insignificant to de- 
serve notice. These operations, therefore, per- 
formed upon the dividend^ will give the in- 
terest with all necessary accuracy. Let us, 
for instance, apply them to the dividend 
260730 above, disregarding the 10«., since 
the 73000th part of it is of no moment. You 
see that the result is £3 llf. 5\d.y as before; 
and that it differs from the strictly accurate 
conclusion above only by a fraction of a far- 
thing. 

It is this method which I would recom- 
mend you always to adopt in computing in- 
terest for days. 

I here give another example of it, which, 
for variety, is worked in the margin by de- 
cimals. 

2. What is the interest of £956 14«. ed. 
for 7 days, at 4\ per cent. ? 

Here, 148. 6d, is reduced to the decimal of 
a £, and the product by the days multiplied 
by double the rate: the decimal of a £, in 
the resulting product, is rejected, and the _— » 
integral value increased by unit. The answer *82574£ 
is £0 168. 6d. 20 

Note. When the interest is 5 per cent., 
then, since the double of the rate is 10, we 
have only to multiply by the number of days, 
and to point off but four places from the 
result of the remaining operations. 

(108.) You perceive that the particulars 
concerned in interest-calculations are these four, namely. 
Principal^ Mate, Time, and Intere8t; the Amount is merely 
the sum of two of these, the principal and the interest In 
the preceding examples, the three of these which have been 
given to find the fourth are the fir8t three ; but any other 
three being given, the fourth may be found, simply by rever- 
sing one or more of the operations exhibited above. 



d)260730£ 
86910 
8691 
869 

3-57200£ 
20 

11-440 «. 
12 

5'2Sd. 
4 

112/. 

£956-725 

7 

6697075 
9 

60273-675 

3)60274 

20091 

2009 

200 



16*5148 tf. 
12 

6-1776 d. 
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Ex. 1. In what time will £91 138. 4d. amount to £105 
68. O^d. at 4^ per cent. ? 

The prinoipal and amount being given, the interett is given, 
namely, £13 12^. S^d. ; and we want to know the number of 
year8 which has produced this amount of interest. For this 
purpose it is dearly only necessary to divide £13 128. 8^. 
by 1 year's interest. 

£. 8, dm £. 8. d. 

91 13 4 13 12 8^ 

4i 20 



366 13 4 272 

22 18 4 12 



389 11 8 3272 

20 2 



7791 1870) 6545 (3i years. Ans. 

12 5610 



935,00 d.y 1 year's interest 935 

2 935 



1870, halfpence. 
2. What principal put out to interest for 3^ years, at 4^ 
per cent, will amount to £105 68. ? 

For a principal of £100, the amount in the given time at 
the given rate is £l00+£4'25x 3*5 = £114*875. Conse- 
quently, since £105 6«.=:£105*3 

114-875 ; 105*3 :: £100 : £91 138. Ad. Ans. 

£. £. 
1,1,4,*8,7,5)10530 (91*667 
103388 20 



1912 13*34 tf. 
1149 12 



763 4-08 d. 
689 

74 
66 

8 
8 
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3. What must be the rate per cent, in order that £142 10«. 
may amount to £163 TtSs. llt^. in 4^ years? 

Here the Interest is £21 Ss. lld.^ which is what would 
arise from multiplying £142 lOf. by 4^, by the rate, and 
dividing by 100 : consequently, we have only to divide 
£142 lOs. by 100, to multiply the quotient by 4^, and then 
to divide £21 Ss. lid. by the result, in order to get the rate. 



£. $. 




There can be no sensible 


142 10 




error in the rate by making 


20 




the amount £163 14^. in- 




£. 8. d. 


stead of £163 13*. lid. ; in 


2850 


21 3 11 


which case the interest is 


12 


20 


£21 4*. = £21-2: we may 
therefore work thus by de- 
cimals : — 


342,00 


423 


H 


12 


£ l-425=principal-M00 


1368 


5087 




85^ 


2 


5-700 


1453^X2= 


= 2907)1 0174(3i, rate 


£. 




8721 


£6/0,5625)21 •2(3-5, rate. 
vl82 




1453 


•-• 




1453 


30 
30 



In the second method here giren, all those decimals of the 
divisor have been cut off which, upon multiplication by the 
quotient-figure, would fall to the right of the decimal '2 in 
the dividend, agreeably to what has been taught in contracted 
division, because the decimal *2 is not strictly accurate, al- 
though the error is very minute. 

JEtxercises. 

1. What is the interest of £9826 13#. Sd. for 1 year, at 

2^ per cent. ? 

2. What is the interest of £896, for 2^ years, at 3^ per 

cent. ? 

3. What is the interest of £98 19*. 6d. for 11 months, at 

3f per cent. ? 

4. What is the interest of £3204 14*. for 37 days, at 5 

per cent. ? 
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5. What is the interest of £256, from May 7 till Aug. 12, 

at 4^ per cent. ? 

6. What is the interest of £319 Os, 6d. for 5| years, at 

3f per cent. ? 

7. What is the amount of £120, from Jan. 7 to Sept. 12, 

1852 (leap year), at 4 per cent. ? 

8. What principal will produce a yearly interest of £341 5s, 

at 5 per cent. ? 

9. In what time will £2000 amount to £2280, if lent at 

3^ per cent. ? 

10. If £42 Ss. dd. be received for interest on £11250 for 

1 month, what is the rate per cent, per annum ? 

11. What is the interest of £193 12s. at £11 ISs. ed. per 

cent.? 

12. The amount of money expended for the maintenance of 

the poor by the 607 unions of England and Wales, 
during the year ending at Michaelmas 1850, was 
£3469857, and during the year ending at Michaelmas 
1851 the amount was £3288192; what was the de- 
crease per cent. ? 

13. The population of Great Britain in 1841 was 18664761, 

and in 1851 it was 20936468: required the increase 
per cent, during the intervening ten years. 

14. The population of Ireland in 1841 was 8175124, and in 

1851, 6515794 : required the decrease per cent. 

(109.) Discount^ in the usual meaning of the term, is only 
another name for Interest In commercial transactions, 
payments are not always made in money ^ but often in what 
are called Bills of Exchange or Promissory Notes, These 
are stamped slips of paper, on which engagement is made to 
pay in cash, after the lapse of a specified time. The present 
worth of such a Bill, is that sum of money, paid down, 
which, when put out at the proposed interest for the specified 
time, will amount to just sufficient to pay the Bill when it 
becomes due. Thus, if the Bill be for £105, payable in one 
year, interest being at 5 per cent., then, since £100 present 
money would amount in one year to £105, if placed out at the 
proposed interest, £100 is the present worth of the Bill; the 
£5 thus allowed for cashing it being the true deduction or 
Discount. But Bankers do not discount Bills on these 
terms : it is not reasonable to expect they should : they must 
make a profit by this as well as by other departments of their 
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basiness, and, therefore, they would charge, as dUeaunt^ the 
full interest of the £105 for one year, namely, £5 5«. ; so that 
by discount, commercial men understand interest upon the 
sum discounted^ during the period for which the payment of 
that sum is delayed ; what remains, after the deduction of this 
discount, is all that is paid down for a Bill, as its present 
worth ; hence, to calculate the discount of a sum of money, is 
the same as to calculate the interest of that sum, the time 
and rate per cent, being given. In Bills, however, three 
days, called days of gnwe^ are added to the time specified for 
payment : * thus, if a Bill be drawn for three months after 
date, and be dated on the 1st of January, it does not become 
due till the 4th of April; and the interest or discount is 
accordingly calculated for three months and three days. In 
general, the whole time the Bill has to run is turned into 
days, and the interest computed as at page 160. The fol- 
lowing Table will be found very convenient in calculations of 
this kind. 



Table for the Number of Days from any Day in one 
Month to the same Day in another. 

Remember thai in Leap Year another day is to be added to February. 



January 


Jan. 
365 


Feb. 
31 


Mar. 


Apr. 


May 


June 


July 


Aug. 
212 


Sep. 


Oct. 


Nov. 


Dec. 
334 


59 


90 


120 


151 


181 


243 


273 


304 


Febraarj 


334 


365 


28 


59 


89 


120 


150 


181 


212 


242 


273 


303 


March .. 


306 


337 


365 


31 


61 


92 


122 


153 


184 


214 


245 


275 


April .. 


275 


306 


334 


365 


30 


61 


91 


122 


153 


183 


214 


244 


May .... 


245 


276 


304 


335 


365 


31 


61 


92 


123 


153 


184 


214 


June. . . . 


214 


245 


273 


304 


334 


365 


30 


61 


92 


122 


153 


183 


July .... 


184 


215 


243 


274 


304 


335 


365 


31 


62 


92 


123 


153 


August.. 


153 


184 


212 


243 


273 


304 


334 


365 


31 


61 


92 


122 


Septemb . 


122 


153 


181 


212 


242 


273 


303 


334 


365 


30 


61 


91 


October. . 


92 


123 


151 


182 


212 


243 


273 


304 


335 


365 


31 


61 


Novemb. 


61 


92 


120 


151 


181 


212 


242 


273 


304 


334 


365 


30 


Decemb. 


31 


62 


90 


121 


151 


182 


212 


243 


274 304 


335 


365 



* The reason of this is, that the law allows the indulgence of three days 
to the acceptor of a bill, as the person on whom it is drawn is called, 
before legal proceedings can be issued against him for non-payment ; but 
the bankers take care that the ** indulgence ** shall be paid for. The 
acceptor becomes legally responsible for the payment of the bill by simply 
writing his name across it, by doing which he is said to accept it. 
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Ex. 1. A Bill for £77, drawn on the 8th of Maroh, at 
6 montha, is discounted on the drd of Jane, at 5 per cent : 
required the discount 

The 6 months expire on tbe 8th of September ; therefore 
the Bill becomes dtie on the 11th of September. From the 
drd of June to the drd of September is 92 days, and, there- 
fore, to the 11th of September it is 100 days. The interest 
of £77, at 5 per cent., for 100 days, is found, by the method 
already taught, to be £l Is. l^d,^ the discount required. 

The following example is one belonging to a class of cases 
of frequent occurrence in business. 

2. A Bill for £500 was due Feb. 2, 1851 : of this sum, 
£80 was paid, March 9 ; £115, May 15 ; £25, June 1 ; and 
the balance, namely £280, Aug. 14 : what interest was due 
at 5 per cent. ? 

£ £ 

1851, Feb. 2 Due 500x35 = 17500 S)7Ui5 See p. 160. 
Mar. 9 Paid 80 23848 



2384 

420x67 = 28140 238 

May 15 115 

£9-8015 

305x17= 5185 20 

June 1 25 



£9 16 s. Int due. 



280x74 = 20720 

Aug. 14 280 

71545 

Bxereises. 

1. What is the present worth of a Bill drawn on the 10th 

of January, 1852 (leap-year), at three months, for 
£1264 lU. 8ti?., at 4 per cent ? 

2. How much cash must be received for a Bill for 

£218 lis. Sd.y drawn on the 14th of August, at 4 
months, and disoounted on the 3rd of October, at 4 
per cent ? 

3. How much must be received for a Bill for £568 12s. dd^ 

dated April 27, at 7 months, and discounted June 3, 
at 5 per cent. ? 

4. What is a Bill for £1570 10^. 6d. worth on the 10th of 

January, supposing it to have been drawn at 5 months 
on the dOth of the preceding December: interest 8^ 
per cent ? 



166 ARITHMETIC. 

5. A Bill for £39 5f. falls due on the 1st of September, bat 

payment is offered on the Srd of July preceding : what 
cash should be paid, the discount being at 5 per cent. ? 

6. A Bill for £150, drawn 11th of July, at 3 months, was 

discounted Sept. 1st, at 5^ per cent. : how much did 
the holder of it receive ? 

7. A Bill for £500 was due Feb. 2, 1851, of which £80 was 

paid on the 9th of March following; £115 on the 15th 
of May ; £25 on the 1st of June ; and the balance on 
the 14th of August : how much interest at 5 per cent, 
was due ? 

Note. The present worth of the bills in the foregoing examples is what 
remains after dednctiDg the banker's diicouni, which » as you have already 
been told (page 163), includes his profit, and is more tban the true dis- 
count. The rule for Mw is as follows : — 

As j^lOO increased by the interest for the time, that is, as the amount 
of j^lOO is to ;f 100, so is the amount of the bill to its true present worth ; 
as is obvious. 

If bills were drawn at a very long date, the banker's discount would be 
enormous. Thus, a bill of xlOO at 20 years, allowing 5 per cent, (the 
usual rate), would produce nothing; for the interest, or banker's discount, 
would be just j^lOO. And if it were not made payable till 40 years, the 
holder of it would have to give j^lOO to the banker to take it off his 
hands ! The bankers' principle, therefore, when applied to such long 
periods, is manifestly unjust and absurd ; but as bills are generally made 
payable within a few months, the banker's discount exceeds the true 
discount by no more than what may be considered a reasonable profit on 
the transaction. It must be remembered, too, that the discounter runs 
some risk, so that although long bills are apparently more profitable than 
short ones, yet bankers are less inclined to discount the former than the 
latter. 



(110.) Brokerage, Commission, Insurance, &c. 

Commercial and money transactions are seldom conducted 
on a large scale, except through the agency of a third party, 
who is paid so much per cent, for his services. The sum of 
money engaged in the transaction, and the agent's per-centage 
being given, the whole allowance to the agent is, of course, 
computed in the same way as interest is computed, from 
which, indeed, it differs only in name, and in being generally 
free from considerations of time. If goods or merchandise be 
bought or sold through an agent or factory the per-centage on 
the money is called Commission, If money be employed 
through an agent in discounting Bills, in the purchase of 
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Shares in a trading company, or in the public funds or 
Stocks ; or, if an agent dispose of such money interests for 
another, the per-centage he receives is called Brokerage; 
and he himself is a Bill-broker, a Share-broker, a Stock- 
broker, &c. 

Insurance is the name given to what is paid to an In- 
surance Office, at the rate of so much per cent, on the value 
of property exposed to loss by Fire, Shipwreck, &c. The 
parties who agree to compensate for the loss, are the In- 
surers (or, in the case of ships. Underwriters^ from their 
undersigning the agreement) ; the party protected is the In- 
sured ; the money paid for the protection, the Premium; 
and the parchment, which binds the parties to the contract, 
the Policy. Life Insurance, or Life Assurance, is of a simi- 
lar nature : it secures the payment of a specified sum when 
the assured dies, upon his paying so much per cent, per 
annum on that sum during his life, or a sum down, equivalent 
to the annual premium. Whatever be the name given to 
the agent employed, or to the service performed, it is plain, 
that the allowance on a specified sum of money, at a specified 
rate per cent, can involve no calculations different from those 
which come under the head of Interest: a few examples, 
therefore, will be all that need be given here, special rules 
being unnecessary. 

Ex. 1. A factor sells £. s. d. 
merchandise to the amount 25^75 17 6 
of £2575 lis. U,, and 20 

charges 4*. per cent, for £, s. d. 

commission: how much is 15 J 7 5)25 15 2 
to be paid him? 12 

Here, the interest, or £5 3 0^. Ans. 

commission, at 1 per cent. 2^10 ■ 

is ;£25 1 5s. 2d. ; therefore, 
that at 4f. per cent, is a fifth part of this, or 
£5 d«. O^d 

In such small per-centages it, is not worth £. s. 

while to take account of the odd pence in the 5)2575 17 

sales; so that dividing £2575 17*. by 5, for 

the \ per cent., and disregarding the pence in 5^15 3 

the quotient, we may proceed as in the margin. 20 

In the next example, too, the ^d, may be 

omitted in finding the broker's charge, which 3^03 

would be 14*. 5d. :.£5 3*.= Commission. 
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2. How mnch money 
will purchase £575 lOs. £. s. £, s. d. 

Bank Stock, worth 131f 4)575 10 575 10 

percent., and how much 8 182 14 5 



must be paid to the 

Stock-broker, who charges 4604 £758 4 5 

■J per cent^ that is, 2«. 6«f. 4 ' 

per cent., on the stock 

purchased? 18416 £. $. cL 

Here, to find the pur- 143 17 6*-4-2=Jl 18 9 

chase-money, it is plain, 20 

that we shall only have to 182J2 2 6 

add to £575 10^., the in- 20 14,38 

terest of it at 31f percent. : 1 2 

this interest will be best 14,42 

found by taking 32 per 12 • 4,65 

cent., and deducting \ per 4 

cent., as in the margin : the 5, 1 -^ 

purchase-money is thus 2,60 

found to be £758 4«. 5d,y and the brokers claim, 14«. 4f<:i?., 
which is i of £575 10«., divided by 100. 

NoTB. Those who purchase stock, purchase nothing more than a claim 
to a certain amonnt of interest, payable half-yearly. Stocks are of 
different kinds, not only as to the names they bear, but as to the rate of 
interest paid to the purchaser. If stock yield a high rate of interest, it 
is proportionally dear ; and more than j^lOO in money must be given for 
;^100 stock, when the interest the latter yields is more than can be got 
for j^lOO in money. Although property in stock cannot be taken out, it 
can always be told out with but little trouble. The prices of stock, of 
whatever kind, varies from time to time, sometimes rising and sometimes 
falling, like other purchasable commodities ; the fluctuations, however, 
are usually inconsiderable, except when the tranquillity of the country is 
in danger; funded property then becomes insecure, and stocks fall in 
proportion to the alarm. 

3. A cargo, worth £3800, is to be insured at 5 per cent. : 
for what amount must the insurance be effected, so that, in 
case all should be lost, the owners may recover both the 
value and the premium paid ? 

For an insurance for £100, a premium of £5 must be 
paid ; this being deducted, leaves £95 ; so that an insurance 
for £100 can cover a loss of only £95 : therefore, to find 
what insurance can cover a loss of £3800, we have the pro- 
portion, £95 : £100 :: 3800 : £4000, the amount to be 

* The half of this is ^th of £575 .10*. 
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insured. And' in this way is the insurance to cover loss and 
premium always to be found; namely, as £100 diminished 
by the rate : £100 :: value of the property : the sum to 
be insured. If there be any other per-oentage, as for com- 
mission, policy, i&c., it must be deducted &om £100 in the 
same way. 

Exercises, 

1. What is the commission on £3698 12f., at 3^ per oent. ? 

2. If a person sell out £600 stock, when the price of it is 

83f per cent., how much will he receive after pajring 
^ per cent, on the stock sold for brokerage ? 

3. What amount must be insured to cover £1880, together 

with the premium of £5 5s. per cent., bs, per cent, for 
the policy, and ^ per cent, for commission ? 

4. What amonnt must be insured on £1938 12s. 6^. at 5f 

per cent, so as to provide also for the premium ? 

5. What is the commission on £876 5«. lOt^. at 3f per cent.? 

6. What is the brokerage on £372 Is. 4d» at 4«. %d. per 

cent? 

7. How much most be given for £912 14&. stock, at 127| 

per cent ? 

8. Required the brokerage on the purchase of £11675 17'. 

stock, at \ per oent. 

9. What will it cost to purchase £7391 14tf. %d, stock, the 

price being 86^, and the brokerage \ per cent. ? 
10. Find the expense of insuring a cargo worth £850, at 
£2 \2s, 6d. per cent., policy duty 5s. per cent., and 
commission ^ per cent. 



(111.) COMPOUND INTEREST. 

All the preceding calculations respecting interest proceed 
on the supposition that the interest is actually paid when due. 
If) however, the interest be withheld for any time, then this 
interest so withheld becomes a new principal, and itself pro- 
duces interest. The whole interest thus accumulated in any 
time is called compound interest; while that which arises 
solely from the original principal, and which has been the 
subject of the preceding articles, is, for distinction, called 
simple interest. An example will be sufficient to show you 
how compound interest may be calculated ; but as the work, 
though made up of very easy and obvious steps, becomes 
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tedious and lengtbj when 
those steps are numerous, 
tables have been contrived to 
save the labour. To these I 
must refer you for expedi- 
tious calculation; but the 
example worked in the mar- 
gin, namely, to find the com- 
pound interest of £550, at 5 
per cent., when the simple 
interest, which should be paid 
yearly, is withheld or for- 
home 4 years, will fully put 
you in possession of the mode 
of proceeding without tables. 
The simple interest for the 
first year, computed in the 
usual way, instead of being 



£. #. d, 
20)550 

27 10 intlstyr. 



20)577 10 amount. 

28 17 6 c.int2ndyr. 

20)606 7 6 amount. 

30 6 4^ c. int. 3rd yr. 



20)636 13 10^ amount 

31 16 8^ c int. 4th yr. 

668 10 6f amount. 

550 original prin. 

118 10 Ofcompd. int. 



paid, is added to the principal ; the amount is the principal 
for the second year, the interest of which is the compound 
interest of the original principal for the second year, and so 
on till the expiration of the 4th year, when the amount be- 
comes £668 10«. %\d.^ which, diminished by the original 
principal, leaves £118 10^. 6f{^. for the whole compound 
interest: — ^the same sum that we should get by adding the 
interest for the several years together. The simple interest 
of the proposed sum womd be 4 times £27 10^., or £110 ; so 
that the difference is £8 10«. %\d. 



(112.) PROPORTIONAL PARTS. 

Many useful and interesting questions depend for their 
solution upon the division of quantities into parts, having 
specified ratios to one another. I shall here give yon a short 
article on the mode of effecting this division. 

To divide a Quantity into Parts^ such that any on^ Part 
shall be to another^ as one given Number to another^ 

Rule. As the sum of the given numbers, is to any one of 
them, so is the whole quantity to be divided, to the part cor- 
responding to that number. 
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For example : suppose it were required to divide £80 into 
three parts, that should bear to one another the same relations 
as the numbers 2, 3, and 5. The parts would be found as 
follows. 10 : 2 :: £80 : £16; 10 : 3 :: £80 : 24; 
10 : 5 :: £80 : £40. 

The required parts are therefore £16, £24, and £40 ; which 
together make up the £80, and which obviously bear the 
proposed relation to one another ; namely, £l 6 : £24 : : 2 : 3 ; 
£16 : £40 ;: 2 : 5; £24 : £40 :: 3 ; 5. It is scarcely 
necessary to tell you, that when all the parts but one are 
thus found by proportion, that one may be got by subtracting 
the sum of all the others from the whole. 

The principle of the rule can scarcely require any expla- 
nation to a person familiar with proportion : the sum of the 
parts of a quantity, and the sum of the parts of a number, 
are given ; the subdivisions of the number are also known ; 
and, since the whole of anything is to a part, as the whole 
of another thing to a like part, the sufficiency of the rule is 
obvious. 

Exercises. 

i. Three traders. A, B, and C, contribute the following sums 
to the business : A, £500 ; B, £650 ; and C, £700 : 
the year's profits are £555, Eequired each person's 
share of them. 

2. Gunpowder is composed of nitre, charcoal, and sulphur, 

thus: nitre, 76 parts; charcoal, 14; sulphur, 10: how 
much of each is used in 1 cwt. of gunpowder ? 

3. How much pure gold, and how much alloy, are contained 

in a guinea ? (See p. 39.) 

4. Standard silver contains 37 parts of pure silver, and 3 

of copper: how much of each ingredient is there in 
£l Is. 6d. ; 1 lb. troy being coined into 66 shillings ? 
5« 100 lbs. of pure warier contain 88*9 parts of the gas called 
oxygen, and the remaining 11*1 parts of the gas called 
hydrogen: what weight of each is there in a cubic 
foot, or 1000 oz. of water ? 

6. A bankrupt owes A £120; B, £80 ; and C, £75: he pos- 

sesses £165, which he is anxious to divide equitably: 
how much should' each creditor receive ? 

7. Pewter is composed of 112 parts of tin, 15 of lead, and 6 

of brass : how much of each enters into the composition 
of 1 ton of pewter ? 

i2 
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8. A petsoti bequeathed in his will, £140 to A ; 100 guineas 
to B; 80 guineas to C ; £70 to D ; and £60 to £ : 
hut, at his death, the whole amount of his property 
.was t^ut.£31il l^s.: how:nnich of. this: should AyB^ 
C, D, and E. receive ? 



(113.) TBEE CHAIN RULE. 

The Chain-Rule is a compendious rule for working ex* 
amples which involve several Rule-of-Three statings; and 
by which, questions in Compound Proportion may be other- 
wise briefly solved. The following is an example of it. 

If 3 lbs. of tea be worth 8 lbs. of coffee, and 5 lbs. of coffee 
worth 18 lbs. of sugar, how many lbs. of sugar should be 
exchanged for 20 lbs. of tea ? 

Here, by two simple statings, 

we have 8 lbs. coffee : 5 lbs. coffee :: 3 lbs. tea : ^ lbs. tea; 

o 

,3x5,, . omi. X ,oii. 8xl8x20„ 

and -—— lbs. tea : 20 lbs. tea :: 18 lbs. sugar : — lbs. 

8 ° 3x5 

sugar ; but, by the chain-rule, the particulars would be ar- 
ranged thus : 

3 lbs. tea = 8 lbs. coffee, 

5 lbs. coffee =18 lbs. sugar, 

how many lbs. sugar = 20 lb& tea ? 

where no two commodities of the same kind occur in the 

8$me column ; and then, by dividing the product of the nimi- 

bers in the complete column by the product of those in the 

column which the anstcer would make complete, the number 

8 X 18 X 20 
which expresses the answer is obtained ; namely, 

s 192, .*• 192 lbs. sugar is the answer. 

JSxercises. 

1. If 3 lbs. of pepper be worth 4 lbs. of mustard, and 5 lbs. 

of muitard be worth 12 lbs. of candles, how many 
pounds of candles should be exchanged for 20 lbs. of 
pepper ? 

2. If 5 lbs. of tea be worth 12 lbs. of coffee, and 9 lbs. of 

coffee worth 28 lbs. of sugar, and 13 lbs. of sugar 
worth 18 lbs. of soap, how many lbs. of soap may be 
had for 7 lbs. of tea? 
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3. £l sterling s=: i20d. Flemish, 5Sd, Flemish = 1 crown of 
Venice, 1 crown Venice = 60 Venetian ducats, 1 ducat 
= 360 menradies Spanish, and 272 mervadies = 1 
Spanish piastre : how many piastres = £1000 sterling ? 
The ahoYe rule is chiefly used in questions like this last, 
relating to exchanges with foreign countries ; numerous ap- 
plications of it, to matters of this nature, are given in Kelly's 
Universal Cambist, vol. ii. 



(114.) DUODECIMALS. 

YoTT already know that the common notation of Arith- 
metic is called the dedmtd notation^ because the local value 
of every figure of a number expressed in that notation 
diminishes at a ten-fild rate, as it is removed from place to 
place towards the right. If the diminution were at a twelm^ 
fold rate, the notation would be the duodecimal notation* 
In the measurement of lengths^ the denominationd feet and 
inches Ao actually descend in value, in this way : — an inch 
being the twelfth part of a foot ; so that, for the purposes of 
Mensuration^ it is convenient to have a duodecimal arith- 
meticy at least for the operation of multiplication. 

In the decimal notation, 16*3, means 16 16 3 

and 3 tenths: if these were twelfths instead 7 9 

of tenths, we might write the number thus: 
16 3, leaving a gap between the two deno^ 
minations ; * and, in multiplying this by any 
number in the same notation, it is plain, that 
we may proceed just as with decimals, pro*- 
vided we take care to carry twehes instead 
of tens: thus, to multiply 16 3 by 7 9, we 
should say, 9 times 3 are 27 ; 3, and carry 2 
twelves: 9 times 16 are 144, and 2 are 146; 
which is 12 twelves^ and 2 : 7 times 3 are 21 ; 
9, and carry 1 : 7 times 16 are 112, and 1 are 
113: so that the product is 125, 11 twelfths 
of one of the units in the 125, and 3 twelfths 
of one of the units in the 11. If we were to 
work by common arithmetic, we should, of 
course, get the same thing : thus, 1 6^ x 7i\- = 
^"A^ X TT > 8^^ ^^ operation performed, as in 
the margin, gives the above result, namely, 125-^ 

125H+Aof^. 
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In oar multiplicand, 16 3, above, the 16 might have been 
the number of feet in the length of a floor or wsdl, and the 3, 
the number of inches besides ; and the multiplier, 7 9, might 
have been, in like manner, the number of feet and inches in 
the width or height: the first principles of Mensuration 
show us, that the product, namely, 125 11 3, would be the 
numher of square feet, twelfths of a square foot, and twelfths 
of a twelfth, that is, xT^ths, or square inches, in the eur^ 
face of that floor or wall. The twelfths of 
a square foot are called parts ; so that the 
measure of the surface in question would be 
125 sq. ft., 11 pts., 3 sq. in. Suppose, for 
instance, it were required to find the measure 
of a ceiling, which is 22 ft. 5 in. long, and 
16 ft. 11 in. wide: a workman would com- 
pute the surface, as in the margin, using the 
number in the multiplier, connected with the 
higher denomination, Jirst^ instead of second, 
as above ; and he would thus find the surface 
to contain 379 sq. ft., 2 pts., 7 sq. in. (See the remarks at 
p. 62.) 

Exercises. 

Find the surface^msasures from the following linear 
measures, 

1. Length, 32 ft. 9 in. ; breadth, 8 ft. 3 in. 

2. Length, 20 ft. 6 in. ; breadth, 17 ft. 9 in. 

3. Length, Q5 ft. 10 in. ; bieadth, 29 ft. 6 in. 

4. Length, 97 ft. 9 in. ; breadth, 16 ft. 6 in. 

5. Length, 75 ft. 9 in. ; breadth, 17 ft. 7 in. 

6. Length, 97 ft. 8 in. ; breadth, 8 ft. 9 in. 

7. Length, 59 ft. 6 in. ; breadth, 3 ft. 11 in. 

8. Length, 87 ft. 5 in. ; breadth, 35 ft. 8 in. 
Examples such as these belong more properly to Men- 
suration. I give them here, as a conclusion to this Rudi« 
meutary Treatise on Arithmetic, in order that you may have 
a little experience, before commencing the subject just named, 
in what is commonly, but improperly, called the multiplica- 
tion of length bv length, or by width ; and, at the same time, 
be furnished with a practical illustration of the remarks a^t 
p. 62. 
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MISCELLANEOUS EXAMPLES. 

1. What decimal of a £ is £n^y and what fraction of a 

shilling is '625s, ? 

2. What fraction of a half-crown is 2-5^. ? 

3. What is the interest of £400 at 3^ per cent, for 2| years 

and 39 days ? 

4. What is the interest of £712 6*. for 8 months, at 7^ per 

cent. ? 

5. Required the price of 73 lbs. 5 oz. 15 dwt. of silver, at 

5s. 9d. per oz. 

6. How much mast be paid for the carriage of 8 cwt. 3 qrs. 

7 lbs., if lOd. be charged for 1 stone of 14 lbs. ? 
?• How many men will be sufficient to dig a trench 135 
yards long in 8 days, when it is known that 16 men 
can dig 54 jaxda of it in 6 days ? 

8. What is the price of 7985 articles at 7*. I0\d, each? 

9. What does the commission on £530 2s. 9d. amount to at 

2s. 6d. per cent. ? 

10. What is the worth of £4563 10s. Bank Stock, at 127| 

per cent. ? 

11. If 5 cwt. 3 qr. 14 lbs. be bought for £9 8«., and sold for 

£11 I8s. 11^., what is the gain per cent. ? 

12. If the prime cost of an article be at the rate of £4 16s. 

per cwt., how much per cwt. must it be sold at to pro- 
duce a gain of 15 per cent. ? 

13. What sum of money wiU produce as much interest in 

3^ years as £210 Ss. will produce in 5 years and 5 
months, at the same rate per cent. ? 

14. At the battle of Bunker Hill, in America, the roar of the 

cannon was so distinct at Hanover, 120 miles distant, 
that business was for a time suspended there ; how long 
was the sound in travelling ? 

15. A cistern holding 400 gallons is supplied by a pipe at 

the rate of 7 gallons in 5 minutes, but a gallon leaks 
out every 3 minutes ; in what time will it be fall ? 

16. What is the least common multiple of 12, 26, 56^ and 

182? 

17. At what time between 9 and 10 o'clock are the hour and 

minute hands of a watch exactly together ? 

18. Find the square-root of 29929, and the cube-root of 

228099131. 
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19. Required the values of y78314 and a/|-J. 

20. How long will it take to count a million, at the rate of 

100 a minute, for 10 hours a day? 

21. If 5 6 lbs. of bread be sufficient for 7 men 14 days, how 

much will serve 21 men 3 days? 

22. Find the values of 73^ 27^ and y5719140e25. 

23. If -foz. avoirdupois cost ^9^ what will fib. cost? 

24. How much Stock, at 111-| per cent., can be purchased 

for £10000? 

25. What decimal of 1 lb. avoirdupois is 7 drams? 

26. What difference is there between the Bankers discount 

of £S50y at 4 per cent., for 8 years, and the true dis- 
count of the same sum, iar the same tiioe, and at the 
same rate per cent. ? 

27. For what sum must an insurance be effected, in order to 

cover a loss of X350O, together with the premium of 
£3 Ss. per cent. ? 

28. What is the interest of £51*425, at 4-125 per cent. ? 

29. What sum of money will produce £'35 interest in 1-| 

year, at 4 per cent. ? 

30. A Bill of £170 was due August 12, and left unpaid till 

Sept. 18, when £54 was paid: the balance remained 
till OcL 17, when £56 was paid; and, finally, the 
whole was settled Nov. 14: how much interest was 
due at 5 per cent. ? 

31. How much sugar, at 4\d. per lb., ought to be given in 

exchange (in barter^ as it is called) for 17cwt. of 
cheese, at £3 10«. per cwt. ? 

32. If 7 gallons of brandy be worth 9 gallons of rum, and 

9 ^lons of rum worth 12 gallons of geneva, what is 
the price of a gallon of each separately, when the three 
gallons together cost £2 2». 6(2. ? 

33. What is the true present worth of £357 lOf., due 9 

months hence, interest being 5 per cent. ? 
84. What are the values of ^27-5^— -/Jl? and ^\i%^^ 

35. Required the values of y/\ and yi\ to six decimals. 

36. A person has but £100 to pay ^e following sums; 

namely, to A, £48 15«. ; to B, £72 10«. ; and to C, 
£84 13^. 4(2. : what share ought to be paid to each ? 

37. If A can do a piece of work in 10 days that B can do in 

13, in what time can they do it together? 
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38. How many square yards are tbere in a pieoe of ground 

846 ft. 3 in. long, and 62 ft. 6 in. wide ? 

39. What is the premium of insurance on £675 lis. Sd, at 

£5 139. 9d, per cent. ? 

40. Two persons, A and B, enter into partnership ; the stock 

of A, £280, is employed for 5 months, and that of B, 
£266 ISs. 4id,^ for six months; the profits are £331 
12*. 6rf.: divide them equitably.* 

41. Three persons. A, B, and G, trade in concert; A con- 

tributes £89 bs. for 5 months; B, £92 \5s. for 7 
months; and C, £38 10*. for 11 months; how should 
the profits, namely, £88 16«., be divided? 

42. Multiply -134786 by '288793 to as many places as can 

be depended upon; the last flecimal in each factor 
being only approximately true. Also, divide 14 by 
*7854, the last decimal being only approximately true. 

43. How much tin and copper is a bell of 150 lbs. composed 

of, there being in it three times as much copper as tin ? 

44. Proof spirits contain 48 parts of pure spirit, and 52 of 

water ; how much of each is there in 84 gallons of proof 
spirits ? 

45. At what rate per cent, will £956 amount to £1314 10*. 

in 7^ years, simple interest ? 

46. If 3 lbs. of tea be worth 7 lbs. of coffee, and 13 lbs. of 

coffee worth 48 lbs. of sugar, and 15 lbs, of sugar worth 
28 lbs. of soap ; how many lbs. of soap are 6 lbs. of tea 
worth? 

47. A guinea is given to be divided among four persons. A, 

B, 0, and D, with the direction that A is to have ^ ; 

^9 i > ^9 i 9 &^^ ^9 \ 'i ^^^ ^ ^^^ division is found to 
be impossible, find how the division must be made, so 
that each may receive his proper share. 

* This is the same as if A contributed 5 times £2%(i for one month, 
and B, 6 times ;f 266 13«. 6(f . for one month ; and in all questions of this 
kind, the sum contributed by each partner being multiplied by the num- 
ber of months it was employed, the shares of the profit must be propor- 
tional to the resulting products. In like manner, the interest of a sum 
to be paid in 5 months is the interest of 5 times that sum to be paid in 
1 month, and so on ; so that if different sums are to be paid at different 
times, then if we multiply each sum by the number of months, or weeks, 
&c., which are to elapse before payment is to be made, and then divide 
the sum of the products by the sum of the bills, the quotient will be what 
is called the equated time in which all should be paid if they are paid at 
once. Examples 50 and 51 illustrate this principle. 

Id 



178 ARITHMETIC. 

48. What is the net weight of 152 cwt. 1 qr. 3 Ihs., 10 lbs. per 

cwt being allowed for tare^ and -^ of what remains for 
tret ? See page 96. 

49. If the rents of a parish amount to £2340 179, 6^., and a 

rate of £137 lOs, 8d. be levied, what portion of it 
must be paid by an estate of which the rental is 
£143 9s. lOdJ 

50. A person engages to pay a debt of £2330 as foUows : 

£630 in 5 months, £300 in 6 months, £500 in 7 
months, and the remaining £900 in 8 months ; but he 
afterwards proposes to pay the whole in one sum ; in 
what time should it be paid ? * 

^1. Goods are purchased on the following conditions, namely, 
that £50 are to b^ paid on the 1st of May, £64 on the 
4th of June, £86 on the 1st of August, and £90 on 
the 5th of September ; when should these sums be paid, 
if all are paid at once ? 

52. A ship's company take a prize of £4000, which is to be 
divided amongst them in proportion to their pay, and 
the time they have been on board. There are 6 ofBoers, 
who have £6 a month each, and have been on board 
6 months ; 12 midshipmen, who have £2 a month each, 
and have been on board 4 months; 110 sailors, who 
have £l lOs. a month each, and have been on board 
3 months ; what share of the prize must each receive ? t 

* Agreeably to what is said in the foot-note, p. 177i we should mnl- 
tiply ;f630 by 5, £300 by 6, j^500 by 7, and £900 by 8 ; but it is better 
to find how long qfter 5 months (the shortest of the periods) the whole 
payment should be made ; as then the multipliers, instead of 5, 6, 7, and 
8, will be only 1, 2, and 3, applied respectively to the swoob after Hie first, 
t This question may be worked by the same principle as that employed 
in the solution of the two preceding questions, combined with the prin- 
ciple of art. (112). The claim of the 6 officers at £6 a month, is the 
same as would be the claim of 6 x 6 officers at £\ a month ; and the claim 
of these for 6 months* service is the same as would be the claim of 6 x 6 
X 6 officers for 1 month's service. And the learner will observe, that the 
mode of solution recommended in this and in the two preceding questions 
is only a modification of the double rule of three, combined with the rule 
for proportional parts. 
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A TABLE 

Of those Factors of the Composite Numbers from 75 to 10000, 
which /all teithin the Limits of the Multiplication Table. 



No. 


Factors. 


No. 
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No. 
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11 


9 


2 


616 


11 8 7 


1375 


11 5 


5 5 


216 


12 


9 


2 


625 


5 5 5 5 


1386 


11 9 


7 2 


224 


8 


7 


4 


648 


9 9 8 


1408 


11 8 


8 2 


225 


9 


5 


5 


672 


12 8 7 


1452 


12 11 


11 


231 


11 


7 


3 


675 


9 5 5 3 


1458 


9 9 


9 2 


242 


11 


11 


2 


686 


7 7 7 2 


1485 


11 9 


5 3 


243 


9 


9 


3 


693 


11 9 7 


1512 


9 8 


7 3 


245 


7 


7 


5 


704 


11 8 8 


1536 


8 8 


8 3 


252 


12 


7 


3 


726 


11 11 6 


1568 


8 7 


7 4 


256 


8 


8 


4 


729 


9 9 9 


1575 


9 7 


5 5 


264 


11 


6 


4 


735 


7 7 5 3 


1584 


12 12 


11 


275 


11 


5 


5 


756 


12 9 7 


1617 


11 7 


7 3 


288 


12 12 


2 


768 


12 8 8 


1694 


11 11 


7 2 


294 


7 


7 


6 


784 


8 7 7 2 


1701 


9 9 


7 3 


297 


11 


9 


3 


792 


12 11 6 


1715 


7 7 


7 5 


308 


11 


7 


4 


825 


11 5 5 3 


1728 


12 12 


12 


315 


9 


7 


5 


847 


11 11 7 


1764 


9 7 


7 4 


324 


9 


9 


4 


864 


12 9 8 


1782 


11 9 


9 2 


336 


12 


7 


4 


875 


7 5 5 5 


1792 


8 8 


7 4 


343 


7 


7 


7 


882 


9 7 7 2 


1815 


11 11 


5 3 


352 


11 


8 


4 


891 


11 9 9 


1848 


11 8 


7 3 


363 


11 


11 


3 


896 


8 8 7 2 


1875 


5 5 5 


5 3 


375 


5 


5 


5 3 


924 


12 11 7 


1925 


11 7 


5 5 


378 


9 


7 


6 


945 


9 7 5 3 


1936 


11 11 


4 4 


384 


8 


8 


6 


968 


11 11 8 


1944 


9 9 


8 3 


385 


11 


7 


5 


972 


12 9 9 


2016 


9 8 


7 4 


392 


8 


7 


7 


1008 


12 12 7 


2025 


9 9 


5 5 


396 


11 


9 


4 


1024 


8 8 8 2 


2048 


8 8 


8 4 



180 



ARITHMETIC 



No. 


Factors. 


No. 


Factors. 




No. 


Factors. 


2058 


7 7 


7 


6 


3872 


11 11 


8 


4 


6468 


12 11 7 7 


2079 


11 9 


7 


3 


3888 


9 9 


8 


6 


6534 


11 11 9 6^ 


2112 


11 8 


8 


3 


3969 


9 9 


7 


7 


6561 


9 9 9 9 


2156 


11 7 


7 


4 


3993 


11 11 


11 


3 


6615 


9 7 7 5 3 


. 2178 


11 11 


9 


2 


4032 


9 8 


8 


7 


6655 


11 11 11 5 


, 2187 


9 9 


9 


3 


4096 


8 8 


8 


8 


6776 


11 11 8 7 


2205 


9 7 


7 


5 


4116 


12 7 


7 


7 


6804 


12 9 9 7 


2268 


9 9 


7 


4 


4125 


11 5 5 


5 


3 


6860 


10 7 7 7 2 


2304 


9 8 


8 


4 


4158 


11 9 


7 


6 


6875 


11 5 5 5 5 


2352 


8 7 


7 


6 


4224 


11 8 


8 


6 


6912 


12 9 8 8 


2376 


11 9 


8 


3 


4235 


11 11 


7 


5 


7056 


9 8 7 7 2 


2401 


7 7 


7 


7 


4312 


11 8 


7 


7 


7128 


11 9 9 8 


2464 


11 8 


7 


4 


4356 


11 11 


9 


4 


7168 


8 8 8 7 2 


2475 


11 9 


5 


5 


4374 


9 9 


9 


6 


7203 


7 7 7 7 3 


2541 


11 11 


7 


3 


4375 


7 5 5 


5 


5 


7392 


12 11 8 7 


2592 


9 9 


8 


4 


4455 


11 9 


9 


5 


7425 


11 9 5 5 3 


2625 


7 5 5 


5 


3 


4536 


9 9 


8 


7 


7546 


11 7 7 7 2 


2046 


9 7 


7 


6 


4608 


9 8 


8 


8 


7560 


12 10 9 7 


2662 


11 11 


11 


2 


4704 


12 8 


7 


7 


7623 


11 11 9 7 


2673 


11 9 


9 


3 


4725 


9 7 5 


5 


3 


7744 


11 11 8 8 


2688 


8 8 


7 


6 


4752 


11 9 


8 


6 


7776 


12 9 9 8 


2695 


11 7 


7 


5 


4802 


7 7 7 


7 


2 


7875 


9 7 5 5 5 


2744 


8 7 


7 


7 


4851 


11 9 


7 


7 


7938 


9 9 7 7 2 


2772 


11 9 


7 


4 


4928 


11 8 


8 


7 


7986 


11 11 11 6 


2816 


11 8 


8 


4 


5082 


11 11 


7 


6 


8019 


11 9 9 9 


2835, 


9 9 


7 


5 


5103 


9 9 


9 


7 


8064 


9 8 8 7 2 


2904 


11 11 


8 


3 


5145 


7 7 7 


5 


3 


8085 


11 7 7 5 3 


2916 


9 9 


9 


4 


5184 


9 9 


8 


8 


8192 


8. 8 8 4 4 


3024 


9 8 


7 


6 


5292 


12 9 


7 


7 


8232 


8 7 7 7 3 


3025 


11 11 


5 


5 


5324 


11 11 


11 


4 


8316 


12 11 9 7 


3072 


8 8 


8 


6 


5346 


11 9 


9 


6 


8448 


12 11 8 8 


3087 


9 7 


7 


7 


5376 


12 8 


8 


7 


8505 


9 9 7 5 3 


3125 


5 5 5 


5 


5 


5445 


11 11 


9 


5 


8575 


7 7 7 5 5 


3136 


8 8 


7 


7 


5488 


8 7 7 


7 


2 


8624 


11 8 7 7 2 


3168 


11 9 


8 


4 


5544 


11 9 


8 


7 


8712 


11 11 9 8 


3234 


11 7 


7 


6 


5625 


9 5 5 


5 


5 


8748 


12 9 9 9 


3267 


11 11 


9 


3 


5632 


11 8 


8 


8 


9072 


9 9 8 7 2 


3375 


9 5 5 


5 


3 


5775 


11 7 5 


5 


3 


9075 


11 11 5 5 3 


3388 


11 11 


7 


4 


5808 


11 11 


8 


6 


9216 


9 8 8 4 4 


3402 


9 9 


7 


6 


5832 


9 9 


9 


8 


9261 


9 7 7 7 3 


3456 


9 8 


8 


6 


5929 


11 11 


7 


7 


9317 


11 11 11 7 


3465 


11 9 


7 


5 


6048 


12 9 


8 


7 


9375 


5 5 5 5 5 3 


3528 


9 8 


7 


7 


6075 


9 9 5 


5 


3 


9408 


8 8 7 7 3 


3564 


11 9 


9 


4 


6125 


7 7 5 


5 


5 


9504 


12 XI 9 8 


3584 


8 8 


8 


7 


6144 


12 8 


8 


8 


9604 


7 7 7 7 4 


3645 


. ^ ^ 


9 


5 


6174 


9 7 7 


7 


2 


9625 


11 7 5 5 5 


3675 


7 7 5 


5 


3 


6237 


11 9 


9 


7 


9702 


11 9 7 7 2 


3696 


11 8 


7 


6 


6272 


8 8 7 


7 


2 


9801 


11 11 9 9 


3773 

1 


11 7 

4 


7 


7 


6336 


11 9 


8 


8 


9856 


11 8 7 4 4 
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ANSWERS TO THE EXERCISES. 



Numeration (pjK 4 and 5). 

1. Two thousand, seven hundred and sixty-three. Thirty- 
five thousand, one hundred and sixty-two. Forty- 
five thousand, two hundred and eighty. 

2. Fifty-six thousand, one hundred and six. Eighty-two 
thousand, and thirty. Nine hundred and ten thou- 
sand, two hundred and fifty-seven* 

d. One hundred and seventy-three thousand, and four. Six 
million, seven hundred and eighty-nine thousand, five 
hundred and twenty-three. Three million, four hun- 
dred and eighty-six thousand, and twenty-five. 

4. One million, one hundred and forty-two thousand, and 
sixty. One million, one hundred and ten thousand, 
one hundred and eleven. Four million, three hundred 
and sixty-two thousand, eight hundred. 

5. Sixty-four million, three hundred and seventy thousand, 
two hundred and fifty-three. Ninety-nine million, 
eight hundred and seventy-four thousand, and sixty- 
two. Thirty-five million, six thousand, two hundred. 

6. Seventy-three million, eight ' hundred and ninety- two 
thousand, five hundred and thirty-one. Eight hun- 
dred and seventy>five million, sixty-two thousand, and 
thirty-five. One hundred and seven million, nine 
hundred and twenty-six thousand, five hundred. 

7. Seven thousand five hundred and thirty-nine million^ 
three hundred and thirty-six thousand, two hundred 
and ten. Three hundred and twenty-six thousand 
nine hundred and seventy-two million, five hundred 
and seventy-three thousand, nine himdred and seventy- 
one. Foujr hundred and fifteen thousand, eight hun- 
dred and sixty-two million, three hundred and fourteen 
thousand, two hundred and three. 

8. Seven hundred and thirty thousand two hundred and 
fifty-four million, sixty-two thousand, eight hundred 
and ten. One hundred and seventy-three thousand 
and four million, two hundred and two thousand, six 
hundred and four. Five hundred and two thousand 

' one hundred and thirty million, sixty-five thousand^ 
and eighty. 
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1. 1760. 

2. 546000. 

3. 2000000. 

4. 621865. 



(Pages 4, 5.) 

5. 812500. 

6. 1177580. 

7. 109915. 

8. 505107. 



9. 1155240. 

10. 1314176. 

11. 6007944. 

12. 20936468. 



1. 541. 
5. 47115. 
9. 11812. 
11. 518277. 



Addition (pp. 7, 8, 9). 

2. 409. 3. 4641. 4. 12485. 

6. 797527. 7. 7581522. 8. 127297. 

10. In 1841, 18664761 ; in 1851, 20936468. 
12. 144 days; 6169016 visits. 13. 580347. 



14. Newspapers, 593; advertisements, 2252550. 



Subtraction (pp. 12, 13, 14). 

1. 471 and 1628. 2. 35891. 3. 10105 and 701208. 

5. 8888. 
8. 1659330. 
11. 10892. 
14. 9321416. 
17. 21811085 pounds. 
18. Born, 283001; died, 219052. 19. 10131. 

20. Nothing. 21. 415539. 



4. 4049. 

7. 82. 
10. 2271707. 
13. 803899 pounds. 
16. 2870784. 



6. 1698069. 
9. 965574. 
12. 877744. 
15. 203 pounds. 



Multiplication (pp. 18, 19). 



1. 1026. 2. 19044. 3. 35325. 

5. 7976563. 6. 3276. 

8. 101904804408. 9. 7801178441640. 
11. 535914.* 12. 365000. 
14. 2250 and 7875. 15. 12375. 



4. 484344. 
7. 601604512. 
10. 49906. 
13. 269195. 
16. 86879544. 



(Pages 24, 25.) 

1. 114361. 2. 531786. 3. 2101120. 4. 471854788. 

5. 478491860. 6. 2288575200. 7. 51947970000. 

8. 16064348846. 9. 153787670242500. 

10. 34141125200427. 11. 56604636. 

12. 3024. 13. 759746144. 14. 94902500 miles* 

15. 1238525174. 16. 427816 pounds. 17. 3486. 

18. Gross earnings, 1177414 pounds; net earnings, 442157 
pounds. 

* The daily average stated in the question is taken from <' The Com* 
panion to the Almanac for 1852 ;" but it is too great : the true dailj 
average was 86379. See Ex. 11, p. 8. 
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DiTisiON (pp. 29, 30). 

1. 744^. . 2. 12013f 

4. 250797f 5. 5788233f. 

7. 899336-j3^. g. 66459^. 

10. 7048. 11. 30651701^. 

13. 1628948. 14. 124353 pounds. 

16. 155644^ pounds. 



3. 15604f 
6. 1034602-5?^. 
9. 124624f 

12. 86379. 

15. 1034280. 



1. 52^. 

4. 14348Af|. 

7. 2602J^. 
10. 342|*|^. 
13. 1662 pounds. 
16. 7727. 17. 78|, nearly. 



(Pages 35, 36.) 

2. 470|f . 
5. 112221^. 

8. 203:ri||*Ty 
11. 2272^Jift^3. 

14. 3846. 



3. 3500^. 

6. 14980^faf- 
9. 224 j|»;g . 

12. 314 |;||*gi . 

15. 13209. 

18. 62 times, nearly* 



1. 207809<i^. 

4. 662. 

7. 83872^. 

10. 6624 qts. 

13. 432000 lbs. 

15. 288. 

18. 1728000 qts. 



Reduction (pp. 47, 48). 

2. 381907/. 3. 525600. 

5. 35459. 6. 8550. 

8. 33880. 9. 8254. 
11. 3411520 lbs. 12. 11474 lbs. 
14. 1254400 oz., 6272000*.* 

16. 38016. 17. 91476. 

19. 23rd June. 20. 81998. 



(Pages 51, 52.) 



1. £27 11*. IIH 

3. 7 b. 57 m. 15 sec. 

5. 78 1. 15 cwt. 1 qr. 4 lb. 

7. 266 ac. 2 too. 17po. 

9. 12500 gal. 
11. 2 c. yds. 3 ft 1504 in. 
13. £650. 
15. 13 d. 3i|bo. 
17. 200 t. cwt. 3 qrs. 7 lbs. 
19. 3 bo. 3min. 20 sec. 
21. 2603 c yds. 10^ ft. 22. 
23. 4240. 



2. 225 m. 4 fur. 26 per. 1 yd. 

4. 2 lb. 2 oz. 16 dwt 11 gr. 

6. 1539 yds. 1 qr. 3 na. 

8. 21 sq. yds. 2 ft. 64 in. 
10. 36^ 48' 50". 
12. 44 t. 12 cwt. 3 qrs. 12 lb. 
14. £30166 10*. 2d. 
16. 39 d. 19i|ho. 
18. £132546 1*. Bd. 
20. 1961 1. 5 cwt. 201b. 

10 d. 4 h. 4 m. 4 s., the gal. imp. 
24. 10*. 



* The reported weight was stated to be ** about 35 tons ;" but this 
estimate was too great. See the answer to Ex. 24, p. 107* 
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Addition op CoMPOimD Quantities (pp. 54, 55). 

1. £38 11#. 7id. 2. £568 16*. lid. 

3. £1571 11*. e^d. 4. 100 d. 7h. 19 m. 

5. 140 d. 19 b. 34 m. 6. 485 d. 3h. 14 m. 29 s. 

7. 69 lb. 3 oz. 9 dr. 8. 71 owt. 1 qr. 22 lb. 

9. 112 cwt. Iqr. 26 lb. 13 Qz. 10. 44 oz. 1 dwt 5gr. 
11. 37 oz. 6 dwt. 12. 621b. 4oz. 8 dwt. 16gJP. 

13. 23 dr. sc. 8 gr. 14. 38 oz. dr. 1 sc 

15. 34 lb. oz. 3 dr. ac. 17 gr. 1 6. 548 yd. 1 ft. 2 in. 
17. 23 fur. 25 po. iyd.'^ 18. 425 m. 3 fur. 34 po. 4 yd. 

19. 405 ac. 2roo. Oper. 12 yds. 

20. 918 ao. 1 roo. 16 per. 9J[ yds. 



Subtraction op Compound Quantities (pp. 50, 57, 58). 

I. £15 14*. S^d. 2. £206 12*. 8^^^. 

3. £2283 10*. S\d. 4. 6 d. 19 h. 58 m. 

5. 67 d. 21b. 46 ai. 6. 16 b. 32 m. 32 s. 

7. 74 yd. 1ft. 5 in. 8. 188 yd. 1ft. 9 in. 

9. 12 per. 5 yds. Oft. 2 in. 10. 5° 33' 54". 

11.8° 36' 49". 12. 23° 54' 47". 

13. 3d. 22 b. 43 m. 34 sec. 14. 3 1. 16 cwt. 1 qr. 20 lb. 

15. 6 t. 1 cwt. 1 qr. 13 lbs. 16. 1 1. 3 cwt. 2qrs. 3 lb. 

17. 75 m. Ofur. 15 per. 2|yd8, 

18. 15 m. 2 fur. 34 per. 2^ yds. 

19. 101 m. 1 fur. 27 per. ^yda. 

20. 53 ac. 2 roo. 22 per. 25iyds. 

21. 6ac. Oroo. 29 per. 29^ yds. 

22. 2 roo. 33 per. 15:^ yds. 23. 10 oz. 18 dwt. 6gr. 

24. lib. 5oz. 14dwts. 16gr. 25. 5 lb. Ooz. 7dwt8. 13 gr. 

26. 38 c. yds. 26 ft. 1697 in. 27. 63 c. yds. 20ft. 1591 in. 

28. 31 5 e. yds. 4 ft. 1547 in. 29. 85 8q.yds. 3 ft. 32 in. 

30. 201 sq. yds. 8 ft. 122 in. 31. 806 sq. yds. 4 ft. 83 in. 

32. 8 gal. Iqt. 1 pt 33. 1708 gal. 1 qt. 

34. 684 gal. 2 qts. 1 pt 35. 1 bu. pk. 1 gal. 

36. 5bu. Opk. Ogal. 2 qt. 37. 15 bu. Ipk. Ogal. 3qt. 



Multiplication op Compound Quantities (pp. 60, 61). 

1. £162 2*. 8id. 2. £348 11*. 2d. . 

3. £1507 16*. Sd. 4. £2397 6*. 5f J. 

5. £6614 16*. ^. 6. £550 16*. Sd. 

7. £7372 7*. lii 8. £16560 1*. ed. 
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9. £92293.199. 6fdf. 10. £614350 lOs. 3|J. 

11. 1 1 53 m. 6 fur. 4 per. 3 jds. 

12. 1760 m. 7 fur. 29 per. 3 yds. 

13. 6025 m. Ofur. 29 per. ^jd. 14. 496 m. 5 fur. 2 per. 
15. 1019 m. 3 fur. 5 per. 16. 26677 m. 4 fur. 10 per. 5 ypl* 
17. 8631 d. Oh. 48m. 45s. 18. 3907° 45' 20i". 

19. 3567t. 4cwt. Iqr. 131b. 20. 7080 a. 2roo. 7po. 
21. 1679sq.yds. 7 ft. 129in. 22. 6095oz. 14dwt. 19gr. 



Division of Compound Quantities (pp. 64, 65, 66).* 

1. £18 12*. Oid. 2. £16 19*. e^d. 

3. £16 U. Sd. 4. £1 9*. S^d. 

5. £4 12*. Ud. 6. £3 1*. 4^. 

7. 3 qrs. 5 lb, 2 02. 8. 74 m. 7 fur. 9 po. 1 yd. 

9. 1° 1' 48". 10. 2 d. 19 h. 39 m. 26 e. 

11. 16 ac. 3 roc. 39 per. 27yds. 8ft. 

Jn the following anszcers the complete quotients^ including 
the fractional part in each case^ are inserted. 

12. 5AH. 13. 12ifM. 14. sum. 
15. 6ff|^. 16. 13|^. 17. ISmi' 

18. 6^JV^. 19. 58^. 20. £46 14*. 6df. 

21. £5417 2*. 4|<]?.-fiff/. 22. 4df. 

23. Total, £93 0*. 3f5.; share, £^3 5*. Ofi.-f f/. 

24. 1 e dwt; 1 3^ gr. 25. 1 327433^, and 1 4^ gr. over. 
26. £1216796 17*. 6d. 27. 4*. e^d.-^^f. 

28. Weight, 8541 lb. 8 oz. troy; height, 10 times the Monu- 

ment, and 63 ft. 4 in.- more. 

29. £1869 12*. 9^. 30. 1081b. 6 oz. 1 dwt. 16 gr. 
31. Weight of sovereigns, 510941b, 10 oz. 3 dwt. 21 gr.; 

weight of pure gold, 468451b. 6oz. 19 dwt. 17 gr. 



Reduction of Fractions (p. 70). 

1. V- 2. ^f>. 3. 11^, 4. 122^. 

5. «|f». 6. 259^^. 7. »W'- 8- ^O^/ 

* In these answers fractions of a farthing are neglected ; and in generd, 
fractions of the lowest denominationi inserted in the answer, are snp- 
fraised. This is done, because the fractions np to Ex. 12 are too 
insignificant to deserve notice. 



ARimMBTIC. 



QmtmOK VatonMtator (pp. 72, 74). 



■ «- K. A- 

■ m.-fA-m- 

■UlUHH- 

Tj .^ J' nVO> 1110' lliO" 
T^ ■■■ 3TS' TT5> TTS" 

■ «;, m. *• 

" TTTTt ■nft'i ITT- 

• A. «. A. ft- 

• tSi tJ' 48' ■!*■ 

• 2ft. A. ft. ft. 



- «. H. «■ 
I- A^. «* Ht- 

'■ r*dC' lliSi TTaS' 

I- «». H*. HS. HS- _ 

I **' T ■« I »C TOO 

■• TTTO TTiTH TTTbSi 1 J60* 

I- «, «. «• 
I. H. ft. ft 

'• Ta' TSi Tn> SB* 

>■ ft. «. H. W- 

1. 3«. «. ft. «• 



5. ett. 
13. ifHS. 



Addition of PiucTioifB (p. 76). 

2- IftV- 3- !«*■ 

e. 14H. 7. SH- 

!»• 5AA "• 3AiV 



4. 8H. 
8. liH- 

12- 7ftV- 

le- 7HH. 



1- Ift- 
-'■ M- 

9. a. 

13. 2«. 

17- e-eft- 

21. lOJJ. 



Sdbtbactiok op Fractions (pp. 78, 77). 



2. IH- 

«-ft%- 

10- ZftV- 
»- AV- 
IS, in. 

22. «. 



3. (i. 
7- H- 

11- 2ft 

15. im. 
19- Hi- 
23- Ht- 



4- A- 

8- A 
12. 2ft. 
18. -A« 
20. H». 
24. 2HJ. 



MDLTITI.ICATION OF FbACTIONB (p. 80). 

1. ft. 2. lOtf. 3. ft. 4. «. 

5. 3AV. 8. 12+. 7. 120^. 8. 347H. 

9. 14H. 10. 1«. 11. lOH. 12. 2»H. 

13. 84|i. 14. 204^. 15. 4f 16. IH- 



DlTIBIOM OF FBACT10K8 (p. 81). 

2. !«. 3. fH. 4. tH- 

0. 50(. 7. -iW,. 8. M». 

10. 2f+. 11. 198. 12. ft*- 

n« that (ha additiTe qaaotitiBa txettd tha anbtnetiTa 



1. lA- 

5. J. 
9. «. 
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(Pa^e 83.) 

5. I^. 6. -^. 7. -^. 8. -1^. 

9. -A^. 10. -A^yUW. 11. -A^, 12. i. 



,1» 


3. 


47 


6TJ' 


is 4* 


TU* 


7. 


s 
4 2- 


1 6 8%' 


11. 


6 8 


m- 


15. 


17078 


428S66* 



1006' *^* 1 6 8 66* ■'■^* TrS"' •^^* 0* 

13. ^. 14. 



Multiplication and Division of Concrete Quantities 

(p. 85). 

1. £160 6*. 7id. 2. 19*. S^d.^^/. 

3. £658 0*. llidf. + f/. 4. 7 miles, 2ff fur. (It should 

5. 13*. 4^.+-f-/. have been rides.) 

6. A, £178 11*. 5}d. ; B, £138 17*. 9ji.; C, £307 10*. 9Hd. 

7. £1549096 17*. 6dL 8. £375. 

d- iVeVi* ^0* ^9d. 4h. Om. 49-^ sec. 



Greatest Common Measure (pp. 88, 89). 

1. 19. 2. 17. 3. 3. 4. 17. 

5. 97. 6. It is already in its lowest terms. 

9. No common measure. 10. 13 rods. 

11. Price, per acre, £19 : number of acres bought by A, 17 ; 
by B, 24 ; and by C, 29. 12. 80. 



Least Common Multiple (p. 91). 

1. 360. 2. 81. 3. 2520. 4. 1200. 

5. 7560. 6. 10540068. 7. 232792560. 



Practice (pp. 96, 97). 

1. £104 10*. 6d. 2. £159 4*. 4d. 

3. £440 15*. Id. 4. £512 13*. ll^df. 

5. £224 3*. 2id. 6. £733 0*. lid. 

7. £541 18*. 9fi. 8. £1328 1*. 11^ 

9. £2794 19*. Old. 10. £1442 19*. lO^d. 

11. £2353 2*. Id. 12. £4149 5*. U\d. 

13. £3 14*. 2|df. 14. £3 19*. lOd. 

15. £84 0*. 9^. 16. £35 13*. Sf^. 

17. £l 7*. nld. 18. £23 11*. Sd. 

19. £18 9*. 5d. 20. £426 12*. Id. 

21. £4 13*. 2ld. 22. £4989 0*. 10^. 
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23. £176 16*. Sd. 24. £424800 19*. 

25. £1351952 13*. 26. £54 12*. (stone=8lb.) 

27. £205 19*. ed. 28. £73 11*. Sd. 

29. Reduction per cwty £2 3*. ; per stone, 3*. Of (i 

30. £12763133 16*. lid. 



Bulb of Threb, or 8implb PfiopoRTioii (pp. 106, 107). 

1. 15*. 8tV- 2. £23 19*. 1^. + ^/- 

3. £7 11*. 7|^.4-i/. 4. 48 persons. 

5. 400. 6. 6f OS. 

7. £5 11*. 6|J.+f/.* 8. £9 18*. 

9. £23 10*. 9|i. 10. 270, 

11. £4240. 12. 129478. 

13. 46ii. 14. 14 oz. lldwt. 16 gr.fro^^. 

15. 10 lb. avoir. IQ. 5min. 27i'£-^<^* P^^ 7 o'clock. 

17. 27min. 16^ sec. past 5. 18. 72^. 

19. £31 5*. 7J</. 20. 21b. 8^oz. 

2 J. 14t^ miles. 22. £767. 

23. 3 OB. 7dwt 6-5ft:gr. 24. 30 tons 12cwi 27f lb. 



DouBLB Rule of TdREE, or Compound Proportion 

(pp. Ill, 112). 

1. 20 days. 2. 17^daj6. 3. £l 4*. 

4. 125 reams. 5. 43^ days. 6. 56 days. 

7. 3 lb. 8. £72. 9. £39 5*. l^d. 
10. £16 10*. 



Reduction of Fractions to Decimals (p. 117). 

1. -4375. 2. -078125. 3. -536. 

4. -372. 5. -0064. 6. '00448. 

7. -5375. 8. -605541. 9. -6857143. 

10. -51282. 11. -733333. 12. -9. 



Addition and Subtraction of Decimals (p. 118). 

1. 279-387. 2. 6343-4214. 3. 36882. 

4. 105-5928 5. 1*2949. 6. 286-6108. 

* Although fractioDB of a farthing are introduced into some of these 
answers, the learner need not take any account of them. 



ANSWERS TO THE BXERCISES. XS9 

Multiplication of Decimals (p. lid). 

1. 209-226285. 2. 134-70368. 3. 114192. 

4. -002T36. 5. -000000777. 6. -0552762. 

7. -00058128. 8. 13-44. 9. -4578384384. 

10. -0393696. 11. 574-056. 12. -0000896. 

13. 195-2533006056. 14. 21 -86300355 74^. 



irikMii*i 



CONTRACTBD MULTIPLICATION (p. 125). 



1. 1308-0037. 

4. 105-928788. 

7. 1-686659. 

10. -34028 



2. 4«2-554. 

5. 350 

8. -002521. 



3. 54-4442.* 
6. 590-325. 
9. 235^04. 



^Hl*i 



Division op Decimals (p. 129). 

1. 213-727. 2. 168-448. ' 3. 320-988. 

4. -066. 5. 7-845. 6. 34097-027. 



Contracted Ditision (p. 132). 



1. 6-598. 

4. 7-845. 

7. 5-348. 

10. -000156. 

13. 196-8. 

16. 11 96. 

19. 93-54286. 

22. -0981355. 

24. 52-486. 



2. 43439-1. 

5. 14-31. 

8. 1624-7. 

11. 71x00000.f 

14. -09547766. 

17. -26457. 

20. -098135. 

23. -0042911, and 



3. -00429. 

6. 11715. 

9. -865256, 
12. ^0403. 
15. 1-684479. 
18. 18-28. 
21. 5-34«306. 
•040266. 



* If this product had been computed to Jive places, and then the fifth 
decimal rejected, the result would have been 54*4444, which is the more 
accurate one. In the answers which follow, the extra decimal will always 
be computed for, and then rejected ; as recommended at p. 126. 

t The quotient here is 7 million 1 hundred thousand, — this I being 
true to the nearest unit ; that is to say, it is nearer the truth than a or 
a 2 would be in its place. Of the following figures we can infer nothing, 
since the final decimal 4 of the divisor is confessedly aiSected with error. 
The quotient therefore can only be approximated to as far as the two 
leading figures of it are concerned. The decimals in the curtailed divisor 
must be extended before the figures, replaced above by O's, can be found. 
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Application of Decimals to Concrete Quantities 

(pp. 134, 135). 



1. 15 poles. 

3; 9 cwt. 1 qr. 

5. £1 16*. e^d. 

7. £19-86354. 

9. -0375. 

11. 10 oz. Odwt. 0|gr. 

13. 7s. 2ii.+i/. 



2. Q? 37' 42|". 

4. 5ld. 

6. 5oz. 12dwt. 15-744 gr. 

8. -0020307. 
10. -2422419. 
12. £4 14*. 8|i.+i/. 
14. |A,andVttfe- 



15. 12 fa. 44 m. 2-86368 sea 16. 7912*3 miles. 

17. 27747v00 miles, the figures that would replace the O's 

are not to be depended on. 

18. £1. 19. 19*. 4id. 

20. £5 16*. Sd. 21. 33 ac. 2roo. 30-672 per. 

22. £47 6*. 4-1 54(^. 23. 4*. 8-3108(2. 

24. -022191. 



136 = w 



•0044d = TVyW- 

•0243d = :A: 
•008497133 = ^ 



Recurring Decimals (p. 138). 

2^4ld = 2Af. •5&26 = Iff. 

3-756S = 3^^. 621-621 = 621ff. 
•857142 = f r0378 = Itttt- 



8' 



Extraction of the Square Boot (p. 148). 



1. 


5-6375666. 2. 10-7376609. 


3. ^5688645. 


4. 


3-316625. 5. 687-936. 


6. 1-73205081. 


7. 


950625. 8. 19-10497317. 


9. 5-692. 


10. 


•027. 11. 28-0067. 


12. 8-8985. 


13. 


8-290717701. 14. 5f 


15. lOi. 


16. 


4^16833. 17. 3-952847. 


18. 28-18155425. 


19. 


5-9049. 20. 2^7664333. 






Extraction of the Cube Root (p. 154). 


1. 


97. 2. 375. 


3. 276. 


4. 


4321. 5. 7435. 


6. 19-86228. 


7. 


4^86722. 8. 93-7. 


9. 42^7839. 


10. 


23*11204. 11. 4*9793386. 


12. 2-080083823. 
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Interest, &o. (pp. 162, 163). 

1. £245 13*, 4d. 2. £72 16*. 3. £3 8*. 0^^?. 

4. £16 4*. 10^. 5. £3 U. 2^d. 6. £68 15*. 9^. 

7. £123 5*. 2ld. 8. £6825. 9. 4 years. 

10. 4i. 11. £22 2*. iid. 12. 5-236 nearly. 

13. 12-17. 14. 20t^ nearly. 



Discount (pp. 165, 166). 

1. £1252 2s. 2d* 2. £216 15*. 9d. 

3. £554 12*. id. 4. £1548 19*. 9d. 

5. £38 18*. ed. 6. £148 7*. 4i. 

7. £9 16*. 



Brokerage, Commission, Insurance, &o. (p. 169). 

1. £129 9*. 2. £499 10*. 

3. £2000. 4. £2056 17*. Ud. 

5. £32 17*. 2id. 6. 16*. 9d. 

7. £1165 19*. 6d. 8. £14 11*. lO^d. 

9. £6384 12*. 3d. 10. £28 16*. 8d. 



Proportional Parts (pp. 171, 172). 

1. A's share, £150; B's, £195; Cs, £210. 

2. Nitre, 85^1b. ; charcoal, 15^1b. ; sulphur, 11^ lb. 

3. Pure gold, 4dwt. 22f|gr. ; alloy, lO^^gr. 

4. Pure silver, 4oz. 12^dwt. ; alloy, 7idwt. 

5. Oxygen, 889 oz. hydrogen. 111 oz. 

6. A, £72 ; B, £48 ; C, £45. 

7. Tin, 16cwt. 3qr. 10^ lb.; lead, 2 cwt. Iqr. O^Jlb.; 

brass, 3qr. 17iVl^' 

8. A, £95 1*. SM.+i^/.; B, £71 6*. S^d.+m/.; 

C, £57 1*. 0ld.+^/.; D, £47 10*. 10^.-^\li/.; 
E, £40 15*. 01^.+^/. 



Chain Rule (p. 172). 
1. 641b. 2. 72^ lb. 3. 5750fjf, 

* The results are computed to the nearest penny, which ib in accord- 
anoe with commercial practice. 
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DuODBCIMAIiS (p. 174). 

I. 270 dq. ft. 2 pts. 3 sq. ia. 2. 363 sq. ft. 10 pts. 6 sq. in. 
3. 1918 sq. ft. 1 pt. 4. 1622 sq. ft 10 pis. 6 0q. m. 
5. 1331 sq. ft 11 pts. 3 sq. in. 6. 854 sq. ft 7 pts. 

7. 233sq.ft 6sq.in. 8. 31 17 sq.ft. 10 pts. 4sq..in. 

MiSCELLANBOUS EXAMPLES (p. 175). 

1. £-07329843 and ^s. 2. f 

3. £37 5#. 8d. 4. £35 12#. S^d. 

5. £235 10«. 0|^. 6. £2 188. dd. 

7. 30 men. 8. £3144 U. lOid. 

9. 188. 3d. 10. £5829 178. 5d. 

II. 88. 8d. 12. £5 108. 4|i. 
13. £350 58. 14. 9min. 14 sec. 
15. 6ho. 15min. 16. 2185. 

17. lOmin. 54^\-8eo. to 10 o'clo<^. 

18. 173 and 611. 19. 42*784 and •6918984. 
20. 16| days. 21. 36 lbs. 

22. 389017, 531441, and 275. 2a 17«. ^d. 

24. £8978 18*. 6d. 25. •027343751b. 

26. £27 38. 0^. 27. £3623 3«. 9d. 

28. £7 4*. 5^d. 29. £500. 

30. £1 ll8. O^d. m: 28 cwt 1 qr. 9| lbs. 

32. Brandy, 188. ; Eum, 14«. ; Qeaeya, 10». 6^. 

33. £344 ll8. 6id. 34. 2^ and <^ 

35. -793701 and 1 •930979. 

36. A's sbare, £23 138. ed.; B's, £35 4«. 24.; C's, £41 2f. ^. 

37. 5^ days. 38. 6001|f yds. 

39. £38 88. 5^. 

40. A's share, £154 15*. 2d.; B's, £176 17*. 4i. 

41. A's share, £25 10*.; B's, £37 2*.; C's, £24 4*. 

42. -038925 and 17-83. 

43. Copper, 112^1bs. ; tin, 37ilbs. 

44. Pure spirit, 40^ gallons; water, 4 3|^ gallons. 

45. 5 per cent 46. 96ff lbs. 

47. A's share, 8*. 2-j^. ; B's, 5*. 5^^. ; C's, 4*. 1^. ; 

D's, 3*. 3-^. 

48. 133 cwt 1 qr. 121b. 49. £8 8*. 7\d. 
50. 6 m. 2 w. 6 d. 51. July 14th. 

52. Each officer, £178 8*. 9^. ; midshipman, £39 13*. 0^.; 
sailor, £22 6*. Id. 
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NEW LIST OF WORKS 

RECENTLY PUBLISHED^ 

OR IN PREPARATION FOR PUBLICATION, 

BY JOHN WEALE, 59, HIGH HOLBORN, LONDON, 



SERIES OF RUDIMENTARY WORKS 

FOR THB USB OF BSOXNNSR8. 



NEW LIST FOR 1853-4. 

The whole Series, comprising 118 Tolumes, will be succeeded by other interesting 
and useful works . more especially intended for Public Instruction, written by 
learned and efficient masters in the several branches of Education. 

1. Chemistry, by Prof. Fownes, F.R.S., including Agricultural Che- 

mistry, for the use of Farmers. 4th edition ..... 1#. 

2. Natural Philosophy, by Charles Tomlinson . • . . 1#. 

3. Geology, by Lieut..Col. Portlock, F.R.S., &c. 3rd edition . Is, 6<f. 

4. 5. Mineralogy, byD.Yarley, 2 Tols . 2«. 

6. Mechanics, by Charles Tomlinson Is. 

7. Electricity, by Sir William Snow Harris, F.R.S. 3rd edition Is. ^d. 

8. 9, 10. Magnetism, by the same, 3 vols. . . • . 3«. 6if. 

11, 11*. Electric Telegraph, History of the, by E. Highton, C.E., 

double Part Zs. 

12, Pneumatics, by Charles Tomlinson Is. 

13, 14, 15. CiTiL Engineering, by Henry Law, C.E., 3 vols.: and 

15*. Supplement 4s, ^d. 

16. Architecture (Orders of), by W. H. Leeds. 2nd edition . . Is. 

17. Architecture (Styles of), by T. Bury, Architect. 2nd edition, with 

additional cuts ls,6d. 

18. 19. Architecture (Principles of Design in), by E. L. Garbett, 

Architect, 2 toIs. 

20, 21. Perspective, by G. Pyne, Artist, 2 vols. 3rd edition 

22. Building, Art of, by E. Dobson, C.E 

23, 24. Brick-making, Tile-making, &c., Art of, by the same, 2 vols 

25, 26. Masonry and Stone-cxttting, Art of, by the same, with illus- 
trations of the preceding, in 16 4to. atlas plates . 

27, 28. Painting, Art of, or a Grammar of Colouring, by George 
Field, Esq., 2 toIs. ........ 

29. Draining Districts and Lands, Art of, ... . 

30. Draining and Sewage of Towns and Buildings, Art of, . 

31. Well-sinking and Boring, Art of, by G. R. Bumell, C.E. . 

32. Use of Instruments, Art of the, by J. F. Heather, M. A. 3rd edition 

33. Constructing Cranes, Art of, by J. Glynn, F.R.S., C.E. 

34. Steam Engine, Treatise on the, by Dr. Lardner 

35. Blasting Rocks and Quarrying, and on Stone, Art of, by 

Iileut.-Gen« Sir L Burgoyne, K.C.B.| R.E. 2iid edition • 
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RUDIMENTARY WORKS. 

36y 37» 38, 39. Dictionary of Tkrms used by Architects, Btulderiy 
Civil and Mechanical Engineers, Surveyors, Artists, Ship-bnilders, 
&c, 4 vols, 4t. 

40. Glass-Staimino, Art of, by Dr. M. A. Gessert . • • • 1#. 

41. Painting on Glass, Essay on, by E. 0. Fromberg . . • .Is* 

42. CoTZAOB BoiLDnro^ Tr^Us^ 09^ It. 

43. Tubular and Girdsr Brioors^ and others, Treatise on, more 

particularly describing the Britannia and Conway Bridges, with 
Experiments Is. 

44. Foundations, &c., Treiitise on, by E. Dobson, C.E. . . . 1«. 

45. LiMxSf Crmrnts, Mortars, Concrrtb, Mastics, &c.. Treatise on, 

by Geo. R. Bujcnell, C.E !«• 

46. Constructing and Repairing Common Roads, Treatise on the 

Art of, by H. Law, C.E • . . , Is, 

47. 48, 49. Construction and Illumination or Liohthousbs, 

Treatise on the, by Alan Stevenson, C.E., 3 vols. . . . . 3«. 

5(K Law of Contracts for Works and Sxrtices, Treatise on the, 

by David Gibbons, Esq 1«. 

51, 52, 53. Naval Architecture, Principles of the Spience, Treatise 

on, by J. Peake, N.A., 3 vols 3t. 

54. Masting, Mast-making, and Rigging of Ships, Treatise on, by 

R. Kipping, N. A Is. 

55, 5& Navioation, Treatise on: the Sailor's Sea-Book. — How to 

keep the log and work it off— Latitude and longitude — Great Circle 
Sailing — Law of Storms and Variable Winds; and an Explanation 
of Terms used, with coloured illustrations of Flags, 2 vols. . • 2c. 

57, 58. Warming and Ventilation, Treatise on the Principles of the 

Art of, by Chas. Tomlinson, 2 vols 2$, 

59. Steam Boilers, Treatise on^ by R. Armstrong, C.E. . • • U. 

60, 61. Land ahv Engineering Survbtino, Treatise on, by T. Baker, 

C.E., 2 vols. 2«. 

62. Railway Details, Introductory Sketches of, by R. M. Stephenson, 

C.E !«. 

63, 64, 65. Agricultural Buildings, Treatise on the Construction d, 

on Motive Powers, and tlie Machinery of the Steading; and on, 
Agricultural Field Engines, Machines, and Implements, 3 vols. . Ss, 

66. Clat Lands and Loamy Soils, Treatise on, by Prof. Donaldson, A.E. Is, 

67, 68. Clock and Watch-making, and on Church Clocks, Treatise 

on, by E. B. Denison, M.A., 2 vols 2f. 

69, 70. Music, Practical Treatise on, by C. C. Spenper, 2 vols. . • ^t. 

71. Piano-Forte, Instruction for Playing the, by the same ... It. 

72, 73, 74, 75. Recent Fossil Shells, Treatise ^A Manual of the 

MoUusca) on, by S. P. Woodward, and Ulustrations, 4 vols. (vols. 

3 ^ 4 m ihe press) ......... 4«. 

7^, 77. Dbsoriftive Geometry, Treatise on, by J. F. Heather, M.A., 2 vols. 2f . 

77*. Economy of Fuel, Treatise on, particularly with reference to Re- 
terberatory Furnaces for the Manufacture of Iron and Steam 
BoUeiy, by X. Sk Pridetnx, Esq. Is. 
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78y 79» 79*. Stbam as applied to General Purposes and Loco- 

MOTiy^B Skgines, Treatise on, by J. Sewdl, C.E., 5 vols. • • St. 

79**. Atlas of Plates illustrative of the 3 vols., in folio, and as a Drawing 
Book of Locomotive Engines, price 7«. 6ff. 

80, 81. Marine Engines, and on the Screw, &c., Treatise on, by R. 

Murray, C.E., 2 vols. 28. 

80*) 81*. Embanking Lands from the Sea, the Practice of, treated as 
a Means of Profitable Employment of Capital, by John Wiggins, 
F.G.S., Land Agent and Surveyor, 2 vols. 2». 

82. 82*. Power of Water, as applied to Drive Flour-Mills, 

Treatise on the, by Joseph Glynn, F.E.S., C.E 2f. 

83. Book-Keefing, Treatise on, by James Haddon, M.A. . • .It. 

82**, 83*. Coal Gas, Practical Treatise on the Manu£BU!tnre and Distri- 
bution of, by Samuel Hughes, C.E., 2 vols 2$* 

83**. Construction of Locks, Treatise on the, by A. 0. Hobbs, 

Mechanician, vnth illustrations ••••••• It* 

BIATHBMATIOAIi S8RIB8. 

84. Arithmetic, Elementary Treatise on, the Theory, and numerous Ex- 

amples for Practice, and for Self-Examination, by Prof. J. R. Toung 1«. 6d. 

84*. Key to the above, by Prof. J. R. Young Is.SeL 

85. Ei^uATioNAL Arithmetic: Questions of Interest, Annuities, and 

General Commerce, by W. Hipsley, Esq .It. 

86. 87. Algebra, Elements of, for the use of Schools and Self-Inatiuc- 

tioB, by James Haddon, M.A., 2 vols. 2i» 

88, 89. Geometry, Principles of, by Henry Law, C.B., 2 vols. . • 2«. 

90. Geometry, Analytical, by James Hann, Professor . • .It. 

91, 92. Plane and Spherical Trigonometry, Treatises on, by the 

same, 2 vols 2#. 

93. Mensuration, Elements and Practice of, by T. Baker, C.E. • • !#• 

94, 95. Logarithms, Treatise on, and Tables for facilttating Astrono- 

mical, Nautical, Trigonometrical, and Logarithmic Calculations, by 

H. Law, C.E., 2 vols 2ff. 

96. Popular Astronomy, Elementary Treatise on, by the Rev. Robert 

Main,M.R.A.S if. 

97. Statics and Dynamics, Principles and Practice of, by T. Baker, C.E. 1«. 

98. 98*. Mechanism, and Practical Construction of Machines, 

Elements of, by the same, 2 vols. • 2«. 

99, 100. Nautical Astronomy and Nayioation, Theory and Practice 

of, by H. W. Jeans, R. N, C, Pcnrtsmouth, 2 vols. . . • 2«. 

101. Differential Calculus, by W. S. B. Woolhouse^ F.R.A.S. • • 1«. 

102. Integral Calculus, by Homersham Cox, M.A 1#. 

103. Integral Calculus, Collection of Examples of the, by PMfessor 

James Hann . . • !«• 

104. Differential Calculus, Collection of Examples of the, by J; 

Haddon, M.A. • • . • • It* 

105. Algebra, Geometry, and Trigonometry, First Mnemonical 

Lessons in, by the Rev* Thomas Penyngton Kirkman, M.A. • 1«. 6d» 
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RUDIMENTARY WORKS. 
NSW 8BRXS8 OF EDUCATIONAL WORKS | 

OR 

Volumes intended for Public Instruction and for Reference : 

Now in the course of Publication, 

The public favour with which the Rudimentary Works on scientific subjects have 
been received induces the Publisher to commence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictionaries of the Modern Languages are arranged for facility of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance with the respective languages. They will also be found of essential 
service for the desk in the merchant's office and the counting-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires a 
book that may be carried in the pocket ; and it is believed that the present is the 
first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on England, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the large 
and expensive works of the most highly valued historical writers. The extensive 
circulation of the preceding Series on the pare and applied Sciences amongst 
students, practical mechanics, and others, affords conclasive evidence of* the 
desire of our industrious classes to acquire substantial knowledge when placed 
within their reach ; and this has induced the hope that the volumes on History 
will be found profitable not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impossible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the national welfare, 
or of the character of men best qualified to represent them in Parliament ; and 
this knowledge becomes indispensable in exact proportion as the elective franchise 
may be extended and the system of government become more under the influence 
of public opinion. 

The scholastic application of these volumes has not been overlooked, and a 
comparison of the text with the examinations for degrees given at the end of the 
second vcdume of the History, will show their applicability to the course of 
historic study pursued in the Universities of Cambridge and London. 

1, 2. Constitutional History or England, 2 vols. : vol. ii. tn the 

greee 2«. 

3. View of the History OF Greece: m ^A«ji?r««t . • • • • 1#. 

4. History of Rome: ditto 1«. 

5. 6. A Chronology of Clvil and Ecclesiastical History, Litb- 

RATURE, Science, and Art, from the earliest time to 1850, 

2 vols. : ditto 2«. 

7. Grammar of the English Language, for use in Schools and for 

Private Instruction, by Hyde Clarke, Esq. . , , . . It. 
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8, 6*. Dictionary of the English Language, by Hyde Clarke, Esq., 

2 vols.: in the press . . . 2«. 

9. Gkammar of the Greek Language : diiio Is. 

10, 11. Dictionary of the Greek and English Languages, 2 vols. 2s, 

12. ■ English and Greek Languages : m the 

press ..»•... 1«. 

13. Grammar of the Latin Language: ditto 1<^ 

14. 15. Dictionary of the Latin and English Languages, 2 vols. : 

ditto 2s. 

16. ■ English and Latin Languages: ditto Is. 

17. Grammar of the French Language, by a distinguished Linguist. Is. 

18. Dictionary of the French and English Languages: by D. 

Varley: in the press Is. 

19. — English and French Languages, by the ^ 

same: ditto , Is. 

20. Grammar of the Italian Language, by Alfred Elwes . . Is. 

21. Dictionary of the Italian, English, and French Languages, 

by the same Is. 

22. — — ..— ^ English, Italian, and French Languages : 

in the press Is, 

23. -^-— French, Italian, and English Languages : 

dittn Is. 

24. Grammar of the Spanish Language . • . . , Is. 

25. Dictionary of the Spanish and Enolisq Languages: in the 

press • Is. 

26. = English and Spanish Languages: ditto , Is, 

27. Grammar of the German Language, by G. L. Strausz, (Ph. Dr.) Is, 

28. Classical German Reader, from the best Authors . , , Is. 

29. 30, 31. Dictionaries of the English, German, and French 
Languages, 3 vols. : in the press Zs. 

NBW 8BRXB8 OF 'LONDON.* 

1 — 10. LONDON described and illustrated, 10 vols. » • , Is. each. 

SUPPLBMBNTARY TO THB 8BRXBS. 

Domestic Medicine ; or complete and comprehensive Instructions for Self-aid 
by simple and efficient Means for the Preservation and Restoration of Health ; 
originidly written by M. Raspail, and now fully translated and adapted to 
the use of the British public. This work is addressed to the heads of 
families and also to professional and working men, who, from sedulous 
application, are particularly susceptible of morbid affections. Is, 6d, 



\* Labels or letterings for the bads of the Rudimentary Works^ comprising 
the Series e;^ 118 volumes, the Educational Series of Zl volumes, and the 
Supplement, are printed on a sheet of tinted paper, and so distinctly arranged 
that they may be readily separated for the purpose qf adhesion to the respective 
volumes by paste or gum. — Price 2d, 



JOHN WEALE'S 



GBBAT BXHIBITION BVHiDING. 

The BUILDING erected in HYDE PARK for the 

GREAT EXHIBITION of the WORKS of 

INDUSTRY of ALL NATIONS, 1861: 

Illiutrated by 28 large folding Plates, embracing plans, elevations, sections, and 
details, laid down to a large scale from the working drawings of the Contractors, 
Messrs. Fox, Henderson, and Co., by Charles Downes, Architect ; ^th a 
scientific description by Charles Cowper, C.E. 

In 4 Parts, royal quarto, now complete, price £1. 10«., 
or in cloth boards, lettered, price £1. 11«. 6d. 

\* This work has every measured detail so thoroughly made out as to enable 
the Engineer or Architect to erect a construction of a similar nature, either more 
or less extensive. 



SIR JOHN RENNIE'S WORK 

ON THE 

THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 

Copious explanatory text, illustrated by numerous examples, in 20 PartSi at 12f. 
each, or in 2 Vols, very neat in half-morocoo, price £12. 12t. 

The history of the most ancient maritime nations affords con- 
chisive evidence of the importance which they attached to the 
construction of secure and eictensive Harhours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with referrace to 
the vast extension of our commerce with foreign nations, the atten- 
tion of the British Gk)vemment has of late years been worthily 
directed; and as this may be reasonably expected to enhance the 
value of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
useful to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the Views finely 
engraved under the direction of Mr. Pye : all the Engineering Plates have dimen* 
sionsi with every explanatory detail for professional use. 



NEW LIST OF WORKS. 



In octavo, doth boards, priee 9«. 

HYDRAULIC FORMULJB, CO-EFFICIENTS, 

AND TABLES, 

For finding the Discharge of Water from Orifices, Notches, Weirs, 
Short Tabes^ Diaphragms, Mouth-pieces, Pipes, Drains, Streams, 
and Bivers. 

BY JOHN NEVILLE, 

▲aCHITECT AND C.B., MEMBER BOTAL IRISH ACADEMY, MEMBER INST. C.B. 

I&BliAND, MEMBER OEOLOOICAL 80C. IRELAND, COUNtT SURVEYOR OF 

LOUTH, AND OF THE COUNTY OF THE TOWN OF DR06HE0A. 

This work contains above 150 different hydraulic formulae (the 
Continental ones reduced to English measures), and the most ex- 
tensive and accurate Tables yet published for findii^ the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes^ and rivers; with experimental results and .co- 
efficients ; — effects of friction ; of ihe velocity of approach ; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — the drainage effects of long and short weirs, 
AND WEIR-BASINS; — exteut of back-watcr from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure ; — water-power, &c. 



TREDGOLD ON THE STEAM ENGINE. 

Published in 74 Puts, price 2». 6d, each, in 4to, illustrated by very namerons 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols, bound in 4, in elegant half-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN ITS FROGRESSlViE AND PRESENT 6tATE OF IliAPROVEMENT ; 

Practically and amply elucidating, in every detail, its mbdifilsations 
and applications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American 
recently constructed engmes, with details, drawn to a large 8t»le. 

The well-known and highly appreciated Treatise, Mr. Tredgold's 
national Work on the Steam Engine, founded on scientific principles 
an^ compiled from the practice of the best makers — sho^ng also 
easy rules for construction, and for the calculation of its power in 
all cases— has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions being now but of print, the proprietor has been induced t^ 
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enlarge and extend the present edition by practical examples of all 
kinds, with the most recent improvements in the construction and 
practical operations of the steam engine both at home and abroad. 

The work is divided into the sections named below, either of 
which may be purchased separately : working engineers will be 
thus enabled to select those portions which more especiaUy apply to 
the objects upon which they may be respectively employed. 

Several scientific men, extensively and practicaUy employed, have 
contributed original and really practical papers of the utmost utility ; 
by which the value of this extended ecUtion is much increased. A 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making 
YoL I. In half-morocco binding, price £2. 12«. 6<7. 

Division B. Marine Engines, British and American, numerous plates and wood- 
cuts, making Vol. II. ; bound in 2 vols. half-fHoroccd, price d63. 13«. 6dl 

Division C to G. making Vol. III., and Completing the work, comprising 
Stationary Engines, Pumping Engines, Engines for Mill§, and several examples 
of Boilers employed in the British Steam Navy; in 'half-morocco, price 
i63. 13«.6<7. 

LIST OF PLATES. 
DIVISION A. — LOCOMOTIVE ENGINES. 



Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Dukb, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and section of feed-pump ; plan and 
elevation of hand-pump ; details of 
inside framing, centre axle, driving 
axle-box, regulation-valve, centre- 

. beam stay, &c. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Pyracmon 6-wheeled 
goods' engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by J. Sewell, L.E., of re- 
sistances per ton of the tndn ; and 
portion of engines of the class of the 



Great Britain locomotive, includ- 
ing tender, with various loads and at 
various' velocities ; also of the ad- 
ditional resistance in ibs. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ton 
of the engine and tender when un- 
loaded. 

Side and front elevation of an express 
carriage engine, introduced on the 
Eastern Counties Railway by James 
Samuel, C.E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto ; with plan and section of 
cylinders, details and sections, piston 
full size. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers & 
Ck>., of Manchester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods* experiments on the 
several sections of old and modem 
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▼alves of locomotive engines, — ^viz. 
fig. 1, stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port opeff ; fig. 5, 
stroke completed, steam cut off, 
exhaostion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open ; fig. 8, steam cut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -ji^inch lap ; fig. 2, 
f-inch lap; fig. 3, )-inch lap; fig. 4, 
1-inch lap, Gray's patent; fig. 5, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender. No. 15, con- 
structed by Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 



and Co.'s six-wheeled patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
viray, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, & 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plbws, adapted for high 
speeds, constructed by Messrs. R. & 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, details, &c 



Forty-one plates and fifty-five wood engravinge. 



DIVISION B. — MARINE ENGINES, &C. 



Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at C D on plan 
of Stto. 

Engines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 

Plan of engines, showing also bunkers, 
paddles, &c. 



Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boUer of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mart and 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

TnCnsverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
bunkers, paddles, &c. 

Plan of engines of H. M. steam vessel 
Simoom, constructed by James Wati 
& Co., of London and Soho. 
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LoBgltadififtl section of the Simoom. 

Crou section of ditto. 

Engine of the Rbd Roybr, side view 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of veiseL 

Plan of the engine of H.M. steam frigate 
Phoenix. 

Longitudinal section of engine of ditto. 

Cross seetion of ditto. 

Engine of the Ruby steam Tessel, ele- 
vation and plan. 

Sheer draught and plan of vessel. 

Flan of engine of the Wilbebporob, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the Bbbbkicb, Hob. E. I. 
Co.'s steam vesseL 

Section of ditto. 

Sheer draught and plan, stem vknr, 
and hody plan of vessel. 

View of the BfiRBNicBy whilst at sea« 

Boilers of H.M. ships Hbbmbs, Spit- 
fire, and FiREPLT. 

Kingston's valves, as fitted on hottrd 
sea-going vessels for hlow-off injec- 
tion, and hand'pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of npper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels^ 
comparatively. 

Positions of a float of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Sailing of steamers in five points from 
courses. 

Experimental steaming and sailing .of 
the Caledonia, Vanguard, Asia, 
and Mbdea. 

Engines of H. M. steam ship Meojira. 

Engine of the steam hoat Nbw World, 



T. F. Seoor ft Co., Bngineefs, New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 

Steam eylinders, plana, and seetions. 

Details. 

Several seetioni of deti^ 

Details and sections. 

Details of parts. 

Plans and sections of condenser, bed- 
plates, air-pump bucket, &e. 

Details and sections, injection valves. 

Details, plan and elevation of beams, 
&c. 

Details, sections of parts, boilers, ftc. 
of the steam boat New World. 

Sections, details, ttid paddles. 

Engines of the U.S. mail steamers Okio 
and Georgia. Longitudina] section. 

Elevations and cross sections of ditto. 

Details of steam-chests, aide-pipes, 
valves, and valve gear ctf ditto. 

Section of valves, ud plan of pistdB of 
ditto. 

Boilers of ditto, seetions of ditto. 

Engine of the U. S. steamer Watbii- 
WiTCH. Sectional elevation. 

Steam-chests and cylinders of £tlo. 

Boilers, sections, &c. of ditto. 

Boilers of the U.S. steamer PoWBtAtAif. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Bucketb 
State. 

Bow view, stem view. 

Plan of the Buckeye State. 

Model, &c. of ditto, wheel-house frame, 
cross section at wheel-house, and 
body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body 
plan, of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec- 
tion. 

Engines of the U. S. steamer SusauB- 

HANNA. 

Elevation of the U. S. Pacific steam 

packet engine. 
Plan of ditto. 

Boilers of ditto, end views. 
Ditto ditto. 



Eighty-fl99 engrtoftngi and fifty-one wood-cud. 
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DIVISION C. TO 6., FORMING VOL. til. 

STATIONARY ENGINES, PUMPING ENGINES, MARINE BOILERS, &C. 

Side elevation of pumping engine, U. S. 
dock, New York. 

End elevation of ditto. 

Elevation and section of the pninps, 
ditto. — 2 plates. 

Boilers of pumping engines, ditto. 

Boilers, Details, &c. of pnmping engines, 
ditto. 

Plan of the boilers, ditto. 

Isometrical projection of a rectangolar 
boiler. 

Plan and two sections of a cylindrical 
boiler. 

Brnnton's apparatus for feeding furnace- 
fires by means of machinery. 

Parts of a high-pressore engine with a 
4-passaged cock. 

Section of a double-acting condensing 
engine. 

Section of a common atmospheric en- 
gine. 

On the construction of pistons. 

Section of ste^m pipes and valves. 

Apparatus for opening and closing steam 
passages. 

Parallel motions. — 2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Boulton 
and Watt engine. 

Double-acting engine for raising water. 

Double-acting engine for impelling 
machinery. 

Maudslay's portable condensing engine 
for impelling machinery. 

Indicator for measuring the force of 
steam in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two parts — diagrams showing fire- 
places — longitudinal section through 
boiler and fire-places. 

Isometrical projection of a steam-boat 
engine. 

Plan and section of a steam-boat engine. 

Ten horse-power engine, constructed 
by W. Fairbaim and Co.— 4 plates. 

Forty-five horse-power engine, con- 
structed by W. Fairbum & Co. — 
3 plates. 

Plan and section of boiler for a 20-bors6 



engine, at the manufactory of 'Whit- 
worth & Co., Manchester. 
Messrs. Hague's double-acting cylinder, 

with slides, &c. 
Sixty-five-inch cylinder, erected by 

Maudslay, Sons, and Field, at the 

Chelsea Water-works. — 5 plates. 
Beaie's patented rotary engine. 
Double-story boilers ti 6.M.S. Devas- 
tation, 400 H. P. 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Royd Hail 

Company's ships. 
Boilers of H. M. steam sloop BAfitusi:, 

400 H. P. 
Boilers of the' Sinoaporx, 470 H. P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Grkat Westkhi/. 
Telescopic chimney, or sliding funnel, 

of H. M. ship Hydra, 220 H. P. 
Seaward's patent brine and feed ya!ve8. 
Boilers of H. M. mail packet Ukdiks, 

(Miller, Ravenhm, & Co.) 100 H. P. 
Cross sections of engines of H. M. mail 

packet Undinb, 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board H.M.S. 

Medba, 220 H. P. (Maudslay, Sons, 

and Field.) 
BoUers of H.M. S. Hydra, 220 H.P. 
Plan of the four boilers, with the sup- 
plementary steam-chests and shut-olT 

valves, of the Ayenoer. 
Boilers of H. M. steam ship Niger, 400 

H. P., fitted by Maudslay, Soni, and 

field. 
Experimental boiler, Woolwich Yard. 
Boilers of H.M. S. Terrible, 800 H.P. 

(Maudslay, Sons, and Field.) 
Boilers of the Minx and Teaser, 100 

H. P. (transferred to Wasp.) 
Boilers of the Samson, 450 H.P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 H. P. 

(Maudslay, Sons, and Field.) 
Boilers of the Niger (2nd plate). 
Boilers of H.M.S. BasiIisk (2iid 

plate). 
Boilers of the Undine. 
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Boilers of the Royal Mail steam ships 
Asia and Africa, 768 H.P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

Boikrsof H.M.S. La Hooue,450 H.P. 
(Seaward & Co.) 

H.M.S. SiDON, 560 H.P. Phm of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
PARKiL, 350 H.P. (James Watt & 
Co.) 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
oi New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Elevation of pumping eng^es of the 
Kew Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearing, &c. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in operation at Lowell, Massachusets, 
U. S., by J. B. Francis, C. E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting surfacing and screw- 
propeller lathe, by Joseph Whitworth 
& Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop's disc engine, by G. & J. 
Rennie, with details. 

Arrangement of engine-room forengines 
of 60 horse-power, for driving pro- 
pellers of H. M. steam vessels Rby- 
KARD and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
structed by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower part, 
plan of hopper, &c. 



SUMMARY OF THE ILLUSTRATIONS. 

FlatM. 

Vol. I. Locomotive Engines 41 

II. Marine Engines 85 

lU. Stationary Engines, Pumping Engines, Engines 
for Flour-MiUs, Examples of Boilers, &c., &c. . 



Total 



100 
226 



Wood-euto. 
55 
51 

58 

164 



FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemisty to be had, price 2«. 6d, 
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A NEW SURVEY OF LONDON: 



FULLY DEYXLOPINO 

Its Antiquity, History, and Architecture — Palatial and Ecclesiastical 
Structures — Public Buildings — and its Social, Literary, and Sci- 
entific Institutions — various Galleries of Art — Parks, Pleasure 
Grardens, and Conservatories — Trade and Manufactures — ^Govern- 
ment and Municipal Arrangements — Railways, Canals, and Water 
Supply — and its Geography, Geology, and Natural History. 
Illustrated by a newly constructed whole sheet Map, and more 
than Two Hundred finely executed Engravings, from Original 
Drawings by the best Artists, of the most interesting subjects in 
the Metropolis and its Vicinage. 

Third edition, in 2 Vols.! 910 pages, small 8yo.| in cloth boards lettered, price 
108, 6d., or in half-morocco elegant, 14«., and in half-calf gUt, 12«. 

The following i» a Uti of the Subjects more particularly treated qf: 

Physical Geography of the Basin of 
the Thames. 

Climate. 

Geology. 

Geology of the water-conrses. 

Natural history. 

Statistics. 

Spirit of the public journals — 'The 
Times.' 

Legation and government. 

Municipal arrangements. ' 

Police. 

Postal arrangements. 

Banking. 

Assurances. 

Duties on articles imported into Eng- 
land. 

Architecture of London — ^its hi8tory,&c. 

Ancient London. 

Temple church, St. Sariour's, and' 
other ancient churches. 

'Westminster Abbey church. 

Westminster Palace. 

'Westminster HalL 

Sepulchral architecture. 

Tudor churches. 

Ancient churches. 

Modem churches. 

Lincoln's Inn hall, and the ottier inns 
of court. 

St. Paul's cathedral. 

Sir Christopher Wren's churches. 

The public buildings of Inigo Jones 
and of Sir William Chambers. 

Arts, manufactures, and trade. 



Tables of the names, actuaries, and 
business terms of the seyeral as- 
surance companies. 

Asylums. 

Bank of England. 

Baths and Wash-houses. 

Bazaars and show-rooms. 

Model buildings for the poor. 

Breweries. 

Bridges. 

Canids. 

Cemeteries. 

Club-houses. 

Colleges. 

Corporation of the City of London. 

Customs, dock and port of London. 

Royal dockyards. 

Electric telegraph. 

Education. 

Engineers' workshops. 

Sir Thomas Gresham and the Royal 
Exchange. 

Gidleries of Pictures : those of 
Lord Ashburton — Barbers' Hall— 
Bridewell Hospital — Thomas Baring, 
Esq. — Society of British Artists — 
British Institution — British Museum 
— Duke of Buccleuch — Chelsea 
Hospital — Duke of Deyonshire — 
G.Tomline,E8q. — ^Dulwich College — 
Earl of EUesmere — Foundling Hos- 
pital — School of Design — Greenwich 
Hospital — ^Vernon Gallery — Grosre- 
nor Gallery — Guildhall, Ci^ — 
Hampton Court Palace— T. Holford, 
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Etq.^H. T. Hope, Esq.— St. Junes'i 
Palace — Kensingtoii Palace — Mar- 
qma of Lansdowne— National Gallery 
— National Institution — Duke of 
Northumberland — Lord Orerstone — 
Mr. Sheepshanks — Lord Garragh— 
Earl de Grey — Earl Normanton — 
Sir Robert Peel — Queen's Gallery, 
Buckingham Palace — Samuel Rogeni 
Esq. — Royal Academy — Society of 
Arts — Society of Painters in Water 
Colours — Duke of Sutherland — Lord 
Ward— Duke of Wellington— White- 
hall Chapel— Windsor Castle. 

Gas-works & gas-lighting in London. 

Gardens, conservatories, and parks. 

HaUs. 

Hospitals. 

Jews' synagogues and schools. 

Learned societies. 

Museums. 



Public libraries. 
Lunatic asylums. 
Markets. 

Mercantile marine. 
Mint. 

Music, opera, oratorios, musical socie- 
ties, &c. 
Observatories. 
Panoramas. 

Patents for inventions in England. 
Public and private buildings. 
Prisons. 

Railway stations. 
Sewers of London. 
Thames tunneL 
Union workhouses. 
Water supply of London. 
Excursions to the vicinity of London. 
Castle and stables at Windsor. 
Colleges of Cambridge and Oxford. 
&c. &c 



THE WORK ON 

BRIDGES OF STONE, IRON, TIMBER, 

AND WIRE. 

In 4 Vols, bound in 3, described in pages 8, 9, 10 of the larger Catalogue of 
Publications ; to which the following is the Supplement, now completed, entitled 

SUPPLEMENT to 'TfiE THEORY, PRACTICE, AND 

ARCHITECTURE OP BRIDGES OF STONE, IRON, 

TIMBER, WIRE, AND SUSPENSION,* 

In one large 8vo Volume, with explanatory Text and 68 Plates, comprising details 

and measured ffimensions, in Parts as follows : 

Parti 6f. 



V 

ft 



II. . 

III. . 

IV. . 

V. & VI. 



6«. 

6f. 
10«. 
20«. 



Bound in half-morocco, uniform with the larger work, price £2. lOf., 
or in a different pattern at the same price. 

LIST OF PLATES. 



Cast-iron girder bridge, Ashford, Rye 

and Hastings Railway. 
Details, ditto. 
Elevation and plan of truss of St. 

Mary's Viaduct, Cheltenham Railway. 
Iron road bridge over the Railway at 

Chalk Farm. 



Mr. Fairbaim's hollow-girder bridge at 

Blackburn. 
Waterford and Limerick Railway truss 

bridge. 
Hollow-girder bridge oyer the River 

Medlock. 
Railway bridge over lagunes of Venice. 



NEW LIST OP WORKS. 



15 



BRIDGES OF STONB^ &C. 



Viaduct at Beangencji Orleans and 

Tours Railway. 
Oblique cast-iron bridge, on the system 

of M. Polonceau, over the Canal St. 

Denis. 
Blackwall Extension RaihpFay, Com- 
mercial Road bridge. 
Ditto, enlarged elevatlotn Of outside 

girders, with details. 
Ditto, details. 
Ditto, ditto, and sections. 
Ditto, ditto, ditto. 
Richmond and Windsor main line, 

bridge over the Thames. 
Ditto, details. 
Ditto, ditto, and sections. 
Orleans and Bordeaux Railway bridge. 
Ditto, sections and details. 
Rouen and Havre Railway timber bridge. 
Ditto, details. 
Ditto, ditto, and sections. 
Viaduct of the Valley of Malanncey, 

near Rouen. 
Hoop-iron suspension bridge over the 

Seine at Suresiie, department de la 

Seine. 
Hoop-iron suspension foot bridge at 

AbainviUe. 
Suspension bridge over the Douro, irdn 

wire suspension cables. 
Ditto, details. 
Glasgow and South -Western Railway 

bridge over the water of Ayr. 
Ditto, sections and details. 
Plan of the cities of Ofen and Pesth. 
Sections and soundings of the Rivor 

Danube. 
Longitudinal section of framing. 
No. 1 coffer-dam. 
Transverse framing of coffer-dam. 
Sections of Nos. 2 and 3 of coffer-dam. 
Plan of No. 3 coffer-dam and ice- 
breakers. 
Plan and elevation of the constroction 

of the scaffolding, and the manner of 

hoisting the chains. 



line of soundings,— dam longitudinal 

sections. 
Dam section!. 

Plan and elevation of the Pesth suspen- 
sion bridge. 
Elevation of Nos. 2 and 3 coffer-dams. 
End view of ditto. 
Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

showing vertical bond-stottes. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 

Details of chains. Ditto. 

Ditto and plan of nut, bolt, andretain- 

ing-links. 
Plan and elevation of rollef -frames. 
Elevation and section of main blocks 

for raising the chains. 
Ditto, longitudinal section of fixture 

pier, showing tunnel for chsins. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan and elevation 61^ cast- 
iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at levd of footpath. 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
Detail of key-stone & Hungarian arms. 
Front elevation of toll-houses and wing 

walls. 
Longitudinal elevation of toll-house, 

fixture pier, wing wall, and pedestaL 
Vertical section of retaining-piers. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at entrance of 

bridge. 
Lamp and pedestal at end of wing walls. 



Separately sold from the above in a volume, price half-bound in morocco £1, I2t, 

An ACCOUNT, with Illustrations, of the SUSPENSION 
BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNET CLARK, C.E., F.R.S. 

With F(Hy EngrWmgt. 
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JOHN WEALE'S 



THE ENGINEER'S AND CONTRACTOR'S 

POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

REVISED FOR 1852—1853. In morocco tack, price 6f. 



CONTENTS. 



AiK, Air in motion (or wind), and wind- 
mills. 

Alloys for bronze ; KisceUaneons alloys 
and compositions; Table of alloys; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1852 and 1853. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culverts. 

Bell-hanger's prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Columns, 
formulsB of; Columns or cylinders, 
Table of diameter of; HoUow co- 
lumns, Table of the diameters and 
thickness of metal of ; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c 

Chatham limestone. 

Chimneys, &c., dimensions of. 

Circumferences, &c. of circles. 

Coal, evaporating power of, and results 
of coking. 

Columns, cast-iron, weight or pressnro 
of, strength of. 



Comparative values between the pre- 
sent and former measures of capacity. 

Continuous bearing. 

Copper pipes, Table of the wdght of, 
Table of the bore and weight of cocks 
fm*. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mill ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging, well-sinking, &c 

Dod^, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
H. M. screw steam tender. 

Earthwork and embankments. Tables 
of contents, &c 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow ; on 
angle and T iron bars. 

Fairbaim (Wm.), on the expansive 
action of steam, and a new construc- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massachusets), 
his water-wheeL 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c. 

Furnaces and boilers. 

Galvanized tin iron sheets in London 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F.R.S., on turirine 
water-wheels. 

Hawksby (Mr., of Nottingham), hia 
experiments on pumping water. 

Heat, Tables of the effects ot 
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THE engineer's AND CONTRACTOR'S POCKET BOOK. 



Hexagon head^ and nuts for bolts, pro- 
portional sizes and weights of. 

Hick's rul^for calculating the'skength 
of shafts. .^ . 

Hodgkinson's (^aton) experii^^nts. 

Hungerford Bridge. 

Hydraulics. . ._. 

Hydrodynamics. ^-. 

Hydrostatic press. " ^ r" ' 

Hydrost^cs. ' _. . ,r- 

Imperial* siand^d measures, of Great 
Britain^. Iron. . 

Indian Kav^, l^ps of war, and other 
vessels. • - ' : • * ^ 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15,1852, 

Iron balls, weight of cast ; bars, angle 
and T, weight of; castings; experi- 
ments; hoop, weight oi 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers; 
weights of rolled iron. 

Ironmonger's prices. 

Just's analysis of Mr. Dixon Robinson's 
limestone. 

Latitudes andlongitudes of the principal 
observatories. 

Lead pipes. Table of the weights of. 

LesUe (J.), C.E. : T 

Lime, mortar, cements, concrete, &o. ;' 

Limestone, analysis of. 

Liquids in motion. ^ 7 

Locomotive engines ; ' table showing 

. the speed of an engine. 

Log for a sea-going steamer, fonn of. 

Machines and tools, prices of.* 

Mahogany, experiments made on the 
strength of Ifonduras. [wheels. 

Mallet's experiments on overshot 

Marine boilers ; engines. 

Masonry and stone-work. 

Massachusets riailroads. 

Mensuration, epitome of. 

Metals, lineal expansion of. ^^ , -< 

Morin's (Col.) experiments. , ^., 

Motion ; motion of water in rivers. 

Nails, weight and length. 

Navies — of the United States; Indian 
Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland; 
Portugal; Prussia; Sardinia; Swe- 



den and Norway; Turkey; Russia; 
Royal West India Mail Company's 
fleet. 

Newy^Y<xrk, S.tate of, railroads. 

Numbers, Table of the fourth and fifth 
power off 

Paddle-wheel^teamers. 

PanAK)ui>-(Gount de) and Mr. Parkea' 
experiment^' (mv boilers for the pro- 
duction of steam; 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-drivinff. 

Pitch <^ wheels. Table to find the dia^ 
meter of a ^heelior a given pitch of 
teeth. 

Plastering. • 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices .for * railways, '^ paid by H. M. 
Office of Works; smith and founder's 
work/ 

Prony's experiments. 

Proportions of st^m engines and boil- 
,.e». 

Pumping engines; pumping water by 
steam power. 

Rails, chsurs, &c.. Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

^ammell's (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Re^nie's (Mr. Geo.). experiments $ (the 
late J.) estimate* 

Rpa^^ eigiMerinients upon carriages tra- 
velling on ordinary roads ; i^uenoe 
of • t^, ^lAm^et^ of the wheels; 
Morii^'s expei^ments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. , 

Roofs ;^^CQveri(ig of roofe. 

Ropes,- Morin's recent experiments on 
the stiffness of ropes; tarred ropes; 
dry white ropes. 

Saw-mill. ' 

Screw steamers. 

Sewage manures. 

Sewers, castings for; their estimates, 
&c 
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THE EMGIMBEr's AMD COMTBACTOr's POCKET BOOK. 



Signs and abbKviations used in arith- 
metic and mathematical expressions. 

Slating. 

Sleepers, quantity in cable feet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam hedging; Navigation; Tables 
of the elastic force ; Table o^ Vessels 
of war, of America ; of England ; of 
India ; and of several other maritime 
nations. 

Steel, weight of round sted. 

Stone, per lb., stone, qr., cwt, and ton, 
&c., Table of the price. 

Stones. 

Strength of columns; MateiiAls of con- 
struction. 

Sugar-mill. 

Suraension aqueduct over the Alleghany 
Inver; Bridges o^er ditto. 

Table of experiments with H. M. screw 
steam tender Dwa&f ; of gradients ; 
Iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
POst-Office Service; pressure of the 
wind moving at given telodtles; 
prices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, &e., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wire rope (A. Smith's), hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 fL, in feet and decimals; 
dimensions of the principal parts of 
marine ishgines; effects of heat on 
difibrent metals; elastic force of 
steam; etpAnsion and density of 
lirater; expansion of sdids by in- 
creasing the temperature; expim- 
tion of water by heat ; heights cor. 
responding to different velocities, in 
French metres; lineal expansion of 
metals; motion of v^ater, and quan- 
tities discharged by pipes of dif- 
ferent diameters ; power of metals, 
&c.; pressure, &c., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheels; pro- 
gressive dilatation of metals by heat, 
&c.; proportion of real to theoretical 



discharge through thin-Upped ori- 
fices ; quantities of water, in cubic 
feet, discharged over a weir per 
minute, hour, &c.; relative weight 
and strength of ropes and chains ; 
results of experiments on the Motion 
of unctuous surfaces ; scantlings of 
posts of oak ; size and weight of iron 
laths; weight in ibs. requbred to crush 
li-inch cubes of stone, and other 
bodies; weight of a lineal foot of 
cast-iron pipes, in ibs.; weight of a 
lineal foot of flat W iron, in fts. ; 
weight of a lineal foot of square and 
round bar iron ; weight of a super- 
ficial foot of various metals, in fts. ; 
weight of modules of elasticitv of 
various metals ; velodties of paddle- 
wheels of different diameters, in feet 
per minute, and British statute miles, 
per houk"; the dimensions, cost, and 
price per cubic yard, of ten of the 
principal bridges or viaducts built 
for railways ; the height of the boil- 
ing point at different heights; — to 
find the diameter of a wheel fbr a 
given piteh of teeth, fte. 

Tables of 'squares, cubes, square And 
cnberoote. 

Teeth of wheels. 

Temperature, the relative indications o^ 
by different thermometers. 

Thermometers, Table of comparison of 
different. 

Timber fbr carpentry and joinery pur- 
poses; Table of the properties of 
different kinds of. 

Tin plates. Table of the weight of. 

Tools and machines, prices of. 

Traction, MoHn's experiments on. 

Tredgold's Rules for Hydraulibs, &bm 
Eytelwein's Equation. 

Turbines, Report on, by Joseph Glyun 
and others. 

Values of difibrent materials. 

Water-wheels. 

Watson's (H. H.) analysis of liinestone 
fipom the quarries at Chatbum. 

Weight of angle and T iron bars; of 
woods. 

Weights and measures. 

West India Royal Mail Company. 

Whitelaw's experiments on turbine 
water-wheels. 
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White^B (Mr., of Cowes) experiments 

<m Honduins mahogany. 
Widoteed's (Thos.) experiments on 

the eyaporating power of different 

lands of coal. 



l^nd-mills ; of air, air in motion, &c. 
Woods. 

Wrought iron, prices of. 
Zinc as a material for tat in faonse- 
building. . 



In one Volume 8yo, extra doth, bound, price 9f . 

THE STUDENT'S GUIDE TO THE PRACTICE 
OF DESIGNING, MEASURING, AND VALUING 

ARTIFICERS' WORKS; 

Containing Directions for taking Dimensions^ abstracting^ the same, 
and bringing the Quantities into BiU ; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawjer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Fdnter tod Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

The Measuring, &c., edited by Edward DonsoN, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 

CONTENTS. 



Pkblimikabt Obsswatioks gk Db- 

SIONING ARTItlCBRS' Wo&BB.' 

Preliminary bbservations on Mea- 
surement, Valuation^ &Cw — On mea- 
suring — On rotation therein— On 
abstracting quantities — On valuation 
—On the use of constants of labour. 

BRICKLAYER AND SLATER. 

DaaioN ov B&ickwo&k — technical 
terms, &c. 

Foundations -7- Arches, inverted 
and erect — Window and otber aper- 
ture heads — Window jambs — Plates 
and internal cornices — String- 
courses — External comices-^Chim- 
ney shafts — On general improvement 
of brick architecture, especially fe- 
nestration. 

Mbabu&ement. 

Of diggers' work — Of brickworic, 
of fiscings, &c. 

Dbsign of Tiling, and technicalterms. 
Measurement of Tiling — Exieimple 
of the mode of keeping the measuring- 
book for brickwork. 



Abstractino Bricklayers' and Tilers' 
work. 

Example of bill of BrieUayers' and 
TQers' work. 

Valvation of Bricklayeni' work, 
Earthwork, Concrete, &c. 

Table of sizes and weights of Tari- 
ous articles — Tables of &e numbers 
of bricks or tiles in various works — 
Valuation of Diggers' and Bricklayers' 
labour — Table of Constants for said 
labour. 

EzAicpLBa or Valvino^ 

1. A yard of concrete.— 2. A rod 
of brickwork. — 3. Afoot of facing. — 
4. A yard of paving. — 5. A square of 
tiling. 

DbSION, MbABU&BMBNT, and YAI.fT- 

ATiON OF Slating. 

CARPENTER AND JOINER. 

Dbsign ov Cabpentbt — technical 
terms, &c. 

Brestsummers, an abuse: substi- 
tutes for them — Joists, trimmers, 
trimming-joists-^OirderS) their abus^ 
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DESIGNING) MEASURING, AND VALUING ARTIFICERS WORKS. 



and right use — Substitutes for girders 
and quarter-partitions — Quarter-par- 
titions — ^Roof-framing — Great waste 
in present common modes of roof- 
firaming — To determine the right 
mode of subdividing the weight, and 
the right numbers of beariers for 
leaded roofs — The same for other 
roofs — Principle of the truss — Con- 
siderations that determine its right 
pitch— Internal filling or tracery of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trusses — ^Vari- 
ations on the truss; right limits 
thereto— To avoid fallacious trussing 
and roof-framing — Delorme's roof- 
ing ; its economy on circular plans — 
Useful property of regular polygonal 
plans — On combinations of roofing, 
hips, and valleys — On gutters, their 
use and abuse — Mansarde or curb- 
roofs. 
Pksion of Joinbrt — ^technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 
Mkasu&bmbnt of Carpenters' and 
Joiners' work — Abbreviations. 

Modes of measuring Carpenters' 
woric — Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 
Examples of Measu&bmbmt, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, sham pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion — Sashes and sash-frames (ex- 
amples of measurement) — Shuttiers, 
boxings, and other window fittings 
— Staircases and their fittings. 
Abstkacting Carpenters' and Joiners' 
work. 

Example of Bill of Carpenters' and 
Joiners' work. 
Valuation of Carpenters' and Joiners' 
work. Memoranda. 
Tables of numbers and weights. 
Tables of Constants of Laboub. 
RoofSy naked floors — Quarter-par- I 



titions — Labour on fir, per foot cube 
— ^Example of the valuation of deals 
or battens — Constants of labour on 
deals, per foot superficiaL 

Constants of Labour, and of nails, 
separately. 

On battening, weather boarding- 
Rough boarding, deal floors, batten 
floors. 

Labour and Nails together. 

On grounds, skirtings, gutters, 
doorway-linings — ^Doors, framed par- 
titions, moul^ngs — Window-fittings 
— Shutters, sashes and frames, stair- 
cases — Staircase fittings, wall-strings 
— Dados, sham columns and pilasters. 

Valuation of Sawyers' work. 

MASON. 

Design of Stonemasons' work. 

Dr. Robison on Greek and Gothic 
Architecture — Great fallacy in the 
Gothic ornamentation, which led also 
to the modem * monkey styles' — 
' Restoration ' and Preservation. 
Measurement of Stonemason's work. 

Example of measuring a spandril 
step, three methods — AUowance for 
labour not seen in finished stone— 
Abbreviations — Specimen of .the 
measuring-book — Stairs — Landings 
— Steps — Coping — String-courses — 
Plinths, window-sills, curbs — Co- 
lumns, entablatures, blockings — 
Cornices, renaissance niches. 
Abstracting and Valuation. 

Table of weight of stone — Table 
of Constants of Labour — Example 
of Bill of Masons' work. 

PLASTERER. 

Design of Plaster-work in real 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary disease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiling — Con- 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings — Bar- 
barous shifts necessitated by wrong 
ceiling — Technical terms in Plas- 
terers' work. 

Measurement of Plaster-work. 
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Abbreriations — Abstracting of 
Plasterers' work — Example of Bill 
of Plasterers' work. 
Valuation. 

Memoranda of quantities of ma- 
terials — Constants of Labour. 

SMITH AND FOUNDER. 

On the Use of Metal-wo&k in 
Architecture. 

Iron not rightly to be used much 
more now than in the middle ages — 
Substitutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof-framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 



Measurement of Smiths' and Foun- 
ders' work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Design, &c. of Lead-work. 

Measurement of Paint- work — 
Abbreviations. 

Specimen of the measuring-book 
— ^Abstract of Paint-work-— Example 
of Bill of Paint-work. 

Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of Glazing — 
Measurement and Valuation of 
Paper-hanging. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of warming in 
public buildings — Ditto, for private 
ones — Warming by gas. 



In 12mo., price 5«. bound and lettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

Comprising a great variety of the most usefvl Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF SEVERAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers ; and practical 
directions for the Smelting of Metallic Ores. 



2 vols. 4to, price £ 2. 16«., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
comprismg Elementary and Practical Carpentry, useM to Artificers 
in the Colonies. 
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THE AIDE-MEMOIRE TO THE MILITARY 

SCIENCES, 

Framed from Contributions of Officers of the different Services^ and 
edited by a Committee of the Corps of Royal Engineers, The 
work is now completed. 

Sold in 3 vols., or in 6 Parts, as follows : 

Part I. A. to D., msw xpition 

II. D. toF. 

III. F.toM. 

IV. M.toP. 
V. P. toR. 

VL B.toZ. 



jtf. «. • 


rf. 


14 





16 





16 





14 





16 





1 





i$4 16 






In 1 large Volume, with nnmeroos Tables, EngrsTings, and Cuts, price One Guinea, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Priyate Gentlemen, 
generally, in connection with Valuing, Surveying, Building, 
Letting and Leasing, Setting out, disposing, and particularly 
describing all kipds of Propei^, whether it be Land or Personal 
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Auctioneers Assurance Companies Landed Proprietors 
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Architects Estate Agents Valuers, &o. 
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MATHEMATICS FOR PRACTICAL MEN: 

Being a Common -Place Book of PURE AND MIXED MATHE- 
MATICS ; together with the Elementary Principles of Engineering ; 
designed chiefly for the use of Civil Engineers, Architects, and 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., F.R.A.S. 

Third Edition, revised and enlarged by HENRT LAW, Civil Engineer. 



CHAPTBR X. — ABITHMBTIC. 

Sbct. 

1. Definitions and notation. 

2. Addition o£ whole numbers. 

3. Subtraction of whole numbers. 

4. Multiplication of whole numbers. 



CONTENTS. 

PART I. — PURE MATHEMATICS. 

Sbct. 

5. Division of whole nnmbers. — • 
Proof of the first four roles of 
Arithmetic. 

6. Vulgar fractions. — Reduction of 
vulgar fractions. — ^Addition and 
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sabtraction of Yulgor fractioQl 
— Multiplication and division 
of vulgar fractions. 

7. Decimal fractions. — Reduction of 

decimals. — Addition and sub- 
traction of decimals. — Multipli- 
cation and division of decimals. 

8. Ck)mplex fractions used in the arts 

and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

9. Povrers and roots. — Evolution. 

10. Proportion. — Rule of Three. — ^De- 

termination of ratios. 

11. Logarithmic arithmetic. — Use of 

the Tables. — Multiplication and 
division by logarimms. — Pro- 
portion, or the Rule of Three, 
by logarithms. — Evolution and 
involution by logarithms. 

12. Properties of numbers. 

CHAPTS& II. — ALOEBBA. 

1. Definitions and notation. — 2. Ad- 
dition and subtraction. — 3. Mul- 
tiplication. — 4. Division*— 5. In- 
volution. — 6. Evolution. — 7. 
Surds. — Reduction.-^ Addition, 
subtraction, and multiplication. 
—Division, involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution of 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 11. Progression. — 
Arithmetical progression. — Geo« 
metrical progression. — 12. Frac- 
tional and negative exponents. — 
13. Logarithms. — 14. Computa- 
tion of formulae. 

CHAPTER III. — OEOMETBT. * 

1. Definitions. — 2. Of angles, and 
right lines, and their rectangles. I 
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— 3. Of triangles. — 4. Of qua- 
drilaterals and polygons. — ^5. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

CHAPTER lY. — MENSURATIOK. 

1. Weights and measures. — 1. Mea- 

sures of length. — 2. Measures 
of surface. — 3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 

— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of soUds. 

CHAPTER V. TBI60N0METRT. 

1. Definitions and trigonometrical 
formuUe. — 2. Trigonometrical 
Tables. — 3. General proposi- 
tions.— 4. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— ^Determination of heights and 
distances by approximate me- 
chanical methods. 

CHAPTER VI. — CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — 3. Properties of the by- 
perbola. — 4. Properties of the 
parabola. 

CHAPTER VII. — PROPERTIES OF 
CURVES. 

1. Definitions. — 2. The conchoid.— 
3. The cissoid. — 4. The cycloid 
and epicycloid. — 5. Thequadra- 
trix. — 6. The catenary. — Rela^ 
tiona of Catenarian Curves. 



PART II.— MIXED MATHEMATICS. 



CHAPTER;!. — ^MECHANICS IN GENERAX*. 
CHAPTER II. — STATICS. 

1. Statical equilibrium. 

2. Centre of gravity. 

3. General application of the princi- 

ples of statics to the equilibrinm 



of structures.— Equilibrium ofv 
piers or abutments. — Pressure 
of earth against walls. — ^Thick- 
ness, of walls. — Equilibrinm of 
polygons. — Stability of arches, 
— Equilibrium of suspenBum 
bridges. 
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CHAPTER III. — DYNAMICS. 

1. General Definitions. 

2. On the general laws of uniform 

and variable motion. — Motion 
uniformly accelerated. — Motion 
of bodies under the action of 
gravity. — Motion over a fixed 
pulley, and on inclined planes. . 

3. Motions about a fixed centre, or 

axis. — Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. ^<— Centre of^ 
gyration, and the principles of 
rotation. — Central forces. 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. — 

Wheel & axle. — Pulley. — In- 
clined plane. — Wedge and screw. 

CHAPTER IV. — ^HTDROSTATICS. 

1. General Definitions. — 2. Pressure 
and equilibrium of Non-elastic 
Fluids. — 3. Floating Bodies. — 
4. Specific gravities. — 5. On 
capillary attraction. 

CHAPTER V. — HYDRODYNAMICS. 

1. Motion and effluence of liquids. 

2. Motion of water in conduit pipes 

and open canals, over weirs, 
&c. — ^Velocities of rivers. 

3. Contrivances to measure the velo- 

city of running waters. 

CHAPTER VI. — PNEUMATICS. 

1. Weight and equilibrium of air and 

elastic fluids. 

2. Machines for raising water by 

the pressure of the atmosphere. 

3. Force of the wind. 
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CHAPTER VII. — ^MECHANICAL AOKNTS. 

1. Water as « mechanical agent. 

2. Air as a mechanical agent. — Cou- 

lomb^s experiments. 

3. Mechanical agents depending upon 

heat. 'The Steam Engine. — 
Table of Pressure and Tempera- 
ture of Steam. — General de- 
scription of the mode of action 
of the steam engine. — Theory 
of the same. — Description of 
various engines, and formulae for 
calculating their power : pieeti- 
cal application. 

4. Animal strength as a mechanical 

agent. 

CHAPTER VIII. — STRENGTH OF 
MATERIALS. 

1. Results of experiments, and prin- 

ciples upon which they should 
be practically applied. 

2. Strength of materials to resist 

tensile and crushing strains. — 
Strength of columns. 

3. Elasticity and elongation of bodies 

subjected to a crushing or ten- 
sile strain. 

4. On the strength of materials sub- 

jected to a transverse strain. — 
Longitudinal form of beam of 
uniform strength. — Transverse 
strength of other materials than 
cast iron. — The strength of 
beams according to the manner 
in which the load is distributed. 

5. Elasticity of bodies subjected to a 

transverse strain. 

6. Strength of materials to resist 

torsion. 
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APPENDIX. 

Table of Logarithmie Difficreneei. 

Table of Logarithma of Numbers, from 1 to 100. 

Table of Logarithma of Numbers, from 100 to 10,000. 

Table of Logarithmic Sines, Tangents, Secants, &c. 

Table of Useful Factors, extending to several places of Decimals. 

TAble of yarioua Uaeful Numbers, with their Logarithms. 

Table of Diameters, Areas, and Circumferences of Circles, &c. 

Table of Relations of the Are, Abscissa, Ordinate and Subnormal, in the Catcoaiyt 

Tables of the Lengths and Vibrations of Pendulums. 

Table of Specific Gravities. 

Table of Weight of Materials frequently employed in Construction. 

Principles of Chronometers. 

Select Mechanical Expedients. 

Observations on the Effect of Old London Bridge on the Tides, &e« 

Professor Parish on Isometrical Perspective. 
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